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PREFACE. 



The Reader must not expect in this little 
book, an exhaustive treatise on Hydraulics ; many 
such have been written, and they leave little 
or nothing to be desired. This work consists of 
a series of Rules and Tables, giving unusual 
facility for the solution of questions which occur 
in the daily practice of Engineers. 

For the two leading questions : the discharge 
of pipes, and of open channels, two sets of Tables 
are given, the reason for which may not be 
obvious ; but it is impossible to give Tables com- 
bining extreme facility and extreme accuracy for 
low heads, and the author has therefore given 
two Tables, one giving accurate results in all 
ordinary cases, with the least possible labour, and 
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11 PREFACE. 

the other, giving with more labour, exact results 
in extreme cases. 

For the most part, the Rules and Tables have 
been long used in an extensive practice, and 
the principal reason for publishing them, is the 
author's desire that the profession from which he 
has retired, may have the benefit of Tables, &c, 
which for many years, have been very useful to 
himself. 

Easbdalb, 
Grasmere. 
July, 1867. 
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HYDRAULICS. 



(1) The velocity with which water issues from the side of 
a vessel, as at A, Fig. 35, is the same as that of a body 
falling freely by gravity from the height H, or the distance 
from the centre of the orifice to the surface of the water. 
This velocity is given by the rule 8 x V H = V, in which 
H is the head in feet, and V the velocity in feet per second. 

(2) But it has been found, by experiment, that the converging 
currents of water approaching the orifice (especially where that 
is made in a thin plate) cause a contraction in the issuing jet 
of water; so that, instead of a parallel jet, it becomes a 
conical one, as shown by Fig. 4, which represents an orifice 
of 1 inch diameter in a thin plate. The diameter of the most 
contracted part of the jet is # 784 of the diameter of the 
orifice, and its proportional area will therefore be •784*= , 615, 
and it occurs at a distance of half an inch from the plate as 
shown. The part from B to C may be taken as a curve, 
with a radius of 1*22 times the diameter of the orifice in the 
plate. The formula 8x Vil=V gives the velocity of dis- 
charge at the point of greatest contraction, and the quantity 
of water discharged must be calculated for the reduced area 
at that point; but we may calculate the discharge more 
directly by the following rule : VHx(? x 16-3=G, in which 

H = the head on the centre of orifice in feet. 

d = diameter of the orifice in inches. 

G = gallons discharged per minute. 
Thus, for the discharge of an orifice 3 inches diameter, in a 
thin plate, and with a head of 1 6 feet, we have, V 16 x 3* x 1 63, 
or 4 x 9 x 16*3 = 586 gallons, with no contraction of vein ; 
but with a thin plate as in Fig. 4, this is reduced to 
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HYDRAULICS. 3 

586 x •615=360 gallons per minute. The following 
Table No. L gives the theoretical discharge, calculated by 
the foregoing rule. It may be easily applied to cases beyond 
its own limit, for the discharge is proportional to the square 
root of the head and to the square of the diameter ; so that 
discharges in the ratio 1, 2, 3, 4, &c, will be given by heads 
in the ratio l 8 , 2 2 , 3 8 , &c, or 1, 4, 9, 16, &c. Thus the 
discharge of a 3-inch orifice with 16 feet head, which we 
found to be 360 gallons, may be found by table; for the 
discharge with 16 feet head will be ^16 = 4 times the 
discharge with 1 foot head, which latter by table is 146 
gallons ; therefore the discharge would be 146 X 4 x *615 
= 360 gallons as before. 

(3) When the aperture is of considerable thickness, or has 
the form of a short tube, not less in length than twice the 
diameter of the orifice, the contraction is less, and the 
discharge greater, than by a thin plate. This case is shown 
by Fig. 5. Here, for a tube 1 inch diameter, the most 
contracted part is *9 inch diameter, and its proportional area 
is *9 8 = *81 This is a case that often occurs in practice ; 
such, for instance, as where an outlet pipe is taken through 
the side of a reservoir, as in Fig 36. Table II. gives the head 
necessary for short tubes, like Fig. 5, discharging different 
quantities of water. Thus a 7-inch pipe, with 450 gallons, 
would require 6 inch head to. generate the velocity, and this 
is irrespective of friction, which, in fact, for so short a tube, 
would be practically nothing. 

(4) Friction of Long Pipes. — When a pipe discharging 
water is of considerable length, there is a loss of head, due 
simply to the friction of the water against the side of the 
pipe, so that in all cases the head consumed may be con- 
sidered as composed of two portions : one, the amount due to 
the velocity of entry irrespective of friction ; and the other, 
the amount due to friction alone irrespective of the amount 
due to velocity. Thus, in Fig. 6, the head h gives a certain 
velocity of discharge by the short pipe A ; but to give the 
same velocity in the long main B C, the head H 1 is necessary, 
of which k l is consumed in generating the velocity of entry, 
same as in A, and H, in the friction of the long pipe, and the 
total head is of course the sum of the two. 

(5) The loss of head by friction may be calculated by the 
following rules, in which 
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HYDRAULICS. 5 

d = diameter of pipe in inches. 
L = length in yards. 
H = head in feet. 
G = gallons per minute. 
(Zdf x H _ 

L _u - 
G'xL 
(3d? ~ a - 

(3d) 5 x H 
gs = L. 

These rules can be worked only by logarithms, but the friction 
being simply proportional to the length, we have calculated 
Table III., by which any problem in the friction of water-mains 
may be solved by multiplication or division. 

(6) 1st. Having G, L, and d given, to find H. In the 
table opposite the given number of gallons, and under the 
given diameter, is found the head due to a length of one 
yard, and multiplying that number by the given length in 
yards, the product is the required head of water in feet. 
Thus, the head to deliver 250 gallons per minute by an 8 -in. 
pipe 7000 yards long, will be -00785 x 7000 = 54*95 feet. 

(7) 2nd. To find d, having H, L, and G given. Divide 

the given head by the given length, and the nearest number 

thereto in the table opposite the given number of gallons 

will be found under the required diameter. Thus, the 

diameter for 320 gallons, 20 ft. head and 1600 yards long, 

20 
1 fi00 = *0125, the nearest number to which in the table 

(0128614) is found under 8 inches, the diameter sought. In 
most cases the tabular number will not be the exact one 
desired, which will only show that the true diameter is an 
odd size, between the standard ones in the table. But by 
the former rule (6) this can easily be checked. Thus in our 
case the true head for 8-inch pipe would be -0128614 x 1600 
= 20*578 feet, instead of 20 feet ; but of course 8 inches 
is near enough in most cases. 

(8) 3rd. To find G, having H, L, and d given. Divide 
the given head by the given length, and the nearest number 
thereto in the table, under the given diameter, will be found 
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opposite the required number of gallons. Thus to find the 

discharge of a 10-inch pipe 3000 yards long, with 40 feet 

40 
head, we have qqq0= '01333; and looking for this under 

10-inch diameter, we find the nearest to be -01384, opposite 
580 gallons, the discharge sought. 

(9) 4th. To find L, having H, Q, and d given. Divide 
the given head, by the head for one yard, found in the table 
under the given diameter, and opposite the given number of 
gallons, and the result is the required length. Thus to 
determine the length of 4-inch main to consume 12 feet 
head with 130 gallons per minute, we find under 4-inch, and 
opposite 130 gallons, -067921 the head for one yard, and 

12 
-067921 ==17g yards ' tlie len 8 fll S0U S ht - 

(10) To avoid a needless extension of the table, we have 

given only the principal numbers from 1 to 90 gallons, and 

from 1000 to 100,000 gallons, leaving the blanks to be supplied 

from the general body of the table. It will be observed that 

the head for 1 gallon, 10 gallons, 100 gallons, are the same, 

except for the position of the decimal place, which the skeleton 

table will fix correctly. Thus to find the discharge of 3-inch 

17 
pipe 800 yards long with 17 feet head, we have tttjtv -02125, 

which, by skeleton table, is somewhere between 30 and 40 
gallons. Now, looking in the body of the table for the same 
figures (neglecting the position of the decimal place), we find 
the nearest to be 219622, opposite 360 gallons ; 36 gallons is 
therefore the true discharge. Again, say we required the 
head for 3800 gallons by a 15-inch pipe 1400 yards long. 
3800 gallons is not found in the table, but 380 gallons is, 
and taking out the multiplier for that, and checking the 
decimal place by the nearest number (4000) in the skeleton 
table, we get -0782532 x 1400 = 109-55 feet head, &c. 

(11) The illustration 3rd (8) to find G may be extended, 

so as to give a general view of the discharge of different sized 

pipes, with the same length and head. Thus we found the 

tabular number for 3000 yards long and 40 feet head to be 

40 
qqqq = '01333, and looking for this successively under 

different diameters, we find that 
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HYDRAULICS. 7 

A 6-inch pipe discharges 160 gallons per minute. 

7 » >j 235 „ „ 

8 „ „ 330 „ „ 

9 » ft 440 „ „ 
10 „ , f 580 „ 

12 „ „ 900 „ „ &c. 

(12) To the head found by the preceding rules, that due to 
the velocity of entry, as given by Table II., has in all cases to 
be added ; but for long pipes this is so small in proportion 
to the head due to friction, that it may in many cases be 
neglected. Thus we found that the friction of an 8-inch pipe, 
7000 yards long, with 250 gallons, was 54*95 feet; by 
Table II. it will be seen that the head due to the velocity is a 
little more than one inch, so that in such a case it may be 
neglected. But where a pipe is short, the head due to 
velocity may be much greater than that due to friction, and 
the most serious errors may be made by neglecting it. Say 
we had an 18-inch pipe 20 yards long, discharging 3000 
gallons. By Table III. the friction is -0196 x 20 = -392 feet, 
and the head due to velocity by Table II. is 6 inches, or 
•5 foot, being more than that due to friction; so that the 
totalTiead is -392 + -5 = -892 feet. Table II. gives the utmost 
facility for making these calculations of head due to velocity, 
which should never be overlooked in cases where the pipe is 
short. 

(13) Bends. — There is another source of loss of head in 
pipes — namely, change of direction, or bends. The best 
formula for calculating this loss is that of Weisbach : — 

In which H = the head due to change of direction. 
r = the radius of the bore of the pipe. 
E = the radius of the centre line of the bend. 
V = the velocity of discharge, in feet per second. 
$ = the angle, in degrees. 
Table IV. gives by inspection the loss of head by bends of 
ordinary radius, such as are usually met with in practice. 
This may vary a little with different makers, but not so much 
as to affect the result seriously. Fig. 8 gives the proportion 
of the 8-inch bend as an illustration. But frequently much 
quicker bends than these have to be used in special cases, and 
to meet such cases some founders make quick bends, of the 
proportions given h* Table IV., and shown by %. d gX3&$g[ 
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HYDRAULICS. 9 

illustrates the proportions of a quick 5-inch bend. The 
formula used for calculating the table is a modification of 
that of Weisbach : — 

y«' = 2^H 

llo x { ' 131 + l ' m & J 

If the whole be taken in feet, then 2<7=64; but it is 
perhaps most convenient to take H in inches and V in feet, 
in which case 2g = 5*333. This table requires little expla- 
nation; but it will be seen that an ordinary 8-inch bend 
with 18-inch radius consumes 3-inch head when passing 
1970 gallons per minute; but a quick 8-inch bend with 
6-inch radius consumes 12-inch head with the same quantity. 
Again, in a 4-inch pipe carrying 100 gallons, each ordinary 
bend causes a loss of £th inch of head, but a quick bend 
loses Jth inch. The table is arranged for bends of 90°, or 
quarter bends, as they are technically named, but is applicable 
for any other angle. The loss of head is simply proportional 
to the angle. Thus a half-quarter bend of 45°, or one- 
eighth part of a circle, consumes half the head of a bend of 
90° ; and a bend of 180°, or half a circle, takes double. 

(14) When a long main is composed of pipes of different sizes, 
as is very frequently the case, the head for each must be 
separately calculated, and the sum total taken. Thus, if we 
required 300 gallons per minute through a main 1200 yards 
long, composed of 800 yards of 7-inch, 300 yards of 6-inch, 
and 100 yards of 5-inch pipe, the head would be — 
By Table III. Length. 

300 gallons 7-inch = -022 x 800 = 176 feet head. 
„ 6 „ = .0476 x 300 = 14-28 „ 

5 „ = -1185 x 100 = 11-85 



43-73 feet total. 
If there were bends in the pipes, we must add the head for 
them from Table IV. Say we had 
4 common bends in 7 inch each 4-inch head = A inch. 



3 quick „ 


7 


» 


2 common „ 


6 


>» 


2 quick ,, 


6 


» 


4 common „ 


5 


V 


3 quick „ 


5 


>> 



1* 






Total lOi inchei 
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10 HYDRAULICS. 

Thus, even for such a large number of bends, the loss of head 
is only 10£ inches, or *875 of a foot ; so that the total head 
is 43-73 + -875^ = 44-605 feet. 

(15) When with such a series of pipes the head is given, 
and the discharge has to be determined, the case does not 
admit of a direct solution; but we must apply a useful 
general law, which may be stated as follows : — " The dis- 
charge through any pipe 7 or series of pipes, is nearly pro- 
portional to the square root of the head ;" and this is true in 
a pipe with bends, jets, contractions, &c. Say we required 

; Q-fj the discharge with 30 feet head, by a main 2100. yards long, 
composed of 1200 yards of 8-inch pipe with four common 
, . r bends, 700 yards of 6-inch pipe and three bends, and 200. 
* ' yards of 5-inch pipe with two common and two quick bends. 
The first thing to be done is to assume a discharge, and 
calculate the head for it, as was done in the last example. 
It is unimportant whether the assumed quantity is near the 
true discharge or not, or whether it is too much or too little. 
Say in our case we take it at 400 gallons. Then 

By Table III. Length. Feet 
400 gallons 8-inch pipe = -02 x 1200 = 24-0 head. 
„ 6 „ -085 x 700 = 59-5 „ 

5 -21 x 100 = 21-0 „ 

104-5 
In. In. Bends. In. 

4 common bends 8 each | x 4= & head. 
3 „ 6 „ i x 8 = If „ 

2 „ 5 „ | x 2 = 1£ „ 

2 quick „ 5 „ 3 x 2 = 6 „ 

9£ = -8 foot. 

Total 105-3 head. 

Thus we find that for 400 gallons we require 105-3 feet 
head instead of 30 feet, the head given ; then by the rule 

/iKX V30x400 _ 5-447x400 01 „ ,- - _i 
(15) , or -r-— — = 213 gallons, the real 

V 105*3 10 ' 26 

discharge sought. Further illustrations of this subject will 

be found in the chapter on Fountains. 

(16) The contour of the section of the line of pipes is a 
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HYDRAULICS. 11 

matter of some importance. The best condition, when the 
pipe is of uniform diameter from end to end, is of course a 
uniform slope throughout. This, however, can rarely be 
obtained, the pipe haying to follow the contour of the ground, 
as in Fig. 28. If a number of open topped pipes were 
inserted anywhere along the main, as at A, B, C, D, &c. Ac., 
the water would rise in them to the level of the oblique line 
J K, which, in the case of a pipe of the same bore from end 
to end, would be a straight line, as shown. This line is 
termed the hydraulic mean gradient. 

(17) When, as in Fig. 30, the pipes are of different dia- 
meters, then each would have its own gradient, showing at 
every point the loss of head due to that particular pipe as in 
the figure. No loss of effect will arise from the pipe following 
the section of the ground, so long as the contour of the pipe 
does not anywhere along the line, rise above the hydraulic mean 
gradient, except, indeed, a slight loss from the increase of 
length due to the departure from the straight line. Thus, in 
Fig. 28, where the ground is much broken, but does not 
anywhere rise above the gradient, the discharge will be the 
same as by a pipe of uniform slope. 

(18) But if, as in Fig. 29, a hill as at B rises higher than 
the gradient, then the pipe from C to D will be in a state of 
partial vacuum, air will be given out by the water and will 
accumulate at the summit, and being driven forward by 
the water from C to B, will remain permanently in the pipe . 
from B to G, occupying the upper part of the pipe, while 
the water trickles down the lower half of the pipe as] in 
a trough or channel, and the vertical head from B to 6 
is lost, the hydraulic gradient being now from A to B, 
from B to G, and from G to F, this last being parallel to 
that from A to B, or at the same angle with the horizon. 
The discharge at F will therefore be, not the amount due to 
the head E F on the length A F, but that due to the head 
E B on the length A B. 

(19) In this case the pipe from A to B should be of large 
diameter, so as to deliver at B the required quantity with 
the head E B ; and the pipe from B to F may be of smaller 
diameter, so as to deliver the same quantity at F with the head 
H F. Say we take a case with the length A F = 5000 yards, 
the head E F 90 feet; and that the length A B = 2400 
yards and the head E B 10 feet, and that 500 gallons were 
required at F. With uniform slope we should have required 
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— — = 018. which by Table III = a 9-inch pipe or rather less, 
5000 J rr 

for a 9-inch pipe would deliver 500 gallons with -017425 x 
5000 = 87-125 feet. But the delivery at B with 10- feet head 

with a 9-inch pipe would be^-j^s -004167, by table = 24^ 

gallons only instead of 500 ; and of course this is all we 
should get at F with such an arrangement. The pipe from 

A to B should be ^~ = -004167, by Table III. a 12-inch 

80 
pipe ; and the pipe from B to P may be 777^== -03077= an 

8-inch pipe by table. We may check these results thus : — 
By Table IIL Length. Head. 
12-inch pipe, 500 gall. = -00413 x 2400 = 9-912 feet. 
8 „ 500 „ = 0314 x 2600 = 8164 „ 



91 -552 
Thus we find the exact head to be a little more than the head 
at disposal, but in most cases the agreement is near enough. 
(20) When a long main is composed of different sizes of 
pipes, and passes over uneven ground, the best course is to 
draw the gradients on the section of the pipes, so as to see at 
a glance that none of the hill-tops rise above them. Fig. 30 
is a case in which, with a fall of 240 feet, we have a 10-inch 
main 4000 yards long ; an 8-inch main 3000 yards ; and a 
6-inch main 2000 yards long. To divide the given fall in 
the proper proportion between the different pipes, and so find 
the gradients, let us assume that 100 gallons are delivered at 
D; then 

By Table. Length. 
100 gall. 10-inch = -000411 x 4000 = 1-644 feet head. . 
„ 8 „ =-001256x3000= 3-768 „ 

6 „ =-005292x2000 = 10-584 



15-996 total head. 
Then 

E ^Kfl=» !2 ^= «*' 24-678 
FC „ 8 „ =15*996:240:: 3-76 : 56-443 
GD „ 6 „ =15-996: 240:: 10-584: 158-879 
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Wo can now draw the gradients on the section as in Fig. 30, 
and then, if the contonr of the ground is below them through- 
out, all is well.* The discharge at D may be calculated from 

56*443 
any one of the pipes : say we take the 8-inch ; then qqqq 

= •01884 = about 386 gallons by Table III. 

(21) There are many questions for the solution of which 

no general rules can be given — they require reasoning with 

the assistance of rules. The following cases may be useful. 

Say we require in Fig. 34, 50 gallons at B and 100 gallons 

at A, and hare to determine the sizes of the mains. If 

we assume 3 inches for E, the head will be '04235 x 160 

= 6*776 feet; so that the pressure at C will be 18 — 10 

+6-776=14-776 feet; therefore the head above A on the 

pipe F will be 25— 18+ 14-776=21-776, and the necessary 

21*776 
pipe with that head will be 050 ='0871 = a 3£-inch pipe 

by Table III. The pipe D has to carry 150 gallons with 

3-244 
3-224 feet head (18—14-776), and we have ^g^ = -010814 

= 6 inch pipe by table. 

(22) Take another case shown by Fig. 33, and say that we 
required the head at D to deliver 600 gallons at E by the 
double pipes, and also to find what proportion of the 600 
gallons passes by the two branches A C B and A B. Let us 
assume that the pipe A C B carries 100 gallons ; then the 
head at A for that quantity would be — 

Head. 
100 gall. 12-inch pipe = -00016538 x 1100 = -181918 feet. 
„ 9 „ =-000697 x 800 = -557600 „ 

•739518 „ 
and with that head at A the pipe A B would at the same 

.'7QQR "I Q 

time deliver Q5() = -000778 = 79 gallons by table ; 60 

that the two sets of pipes deliver at B 179 gallons with a 

head of -739518 feet, and therefore (15) to deliver the 600 

^ x t_ '739518 x600 s Q Q * A „- 
gallons required would take j=^5 =8*3 feet. The 

12-inch pipe from D to A would require for 600 gallons 
#00595 x 1100 = 6-545 feet head, and the 9-inch from B to E 

* The principle of this method of calculating a series of gradients Is due to 
O. E. Amos, Esq., of The Grove, Southwark. 
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•025092 x 400= 10037 feet, and the total head at D will be 

6-545+8-3+10-037 = 24-882 feet. The pipe A C B will 

600x100 nn „ „ _ x, A , - A « 

carry — j-=g — = 336 gallons. Consequently the pipe A B 

will take the rest, or 264 gallons. 

(23) Table III. gives the greatest possible facility for the 

calculation of pipe questions, as may be seen in the examples 

we have given, and for all ordinary cases the results are 

correct; but for very small velocities with low heads, say 

under one foot, experiment has shown that the discharges are 

less than that table would give, and for such cases Prony's 

more difficult and laborious rule seems to give the most 

correct result. Table V. has been calculated by the following 

:../.. * t, , i (V+-0816) 8 — -00665 ^ _ 
modification of Prony s rule: 19624 = "' 

in which V=the velocity of discharge in feet per second, D 
the diameter of the pipe in inches, and S = the slope, or -p 

H being the head and L the lengthy both in the same terms, 
which for very small heads may be most conveniently in 
inches. Table V. is only calculated for small velocities, 
because the Table III. gives the same results at moderate 
velocities, and is much more facile in application. We have 
added opposite each velocity the corresponding discharge of 
different- sized pipes, from 1^-inches to 24 -inches diameter, 
so as to abridge the labour as much as possible. 

(24) 1st. To find the head, having G, L, and d given. 
In Table V., under the given diameter, find the nearest 
number of gallons, and take from column 1 the number 
opposite to it, which, multiplied by the length in inches, and 
divided by the diameter of the pipe in inches, will give the 
required head in inches. 2nd. To find the discharge, having 
L, H, and d given. Multiply the given head in feet by the 
diameter in inches, and divide by the length in feet, and find 
the nearest number thereto in column 1. Then opposite to 
that, and under the given diameter, is found the discharge in 
gallons per minute. 

(25) Let us take an extreme case. Say we require the head 
for a 10-inch pipe 1000 yards long, discharging 20 gallons per 
minute. The nearest number under 10 inches diameter is 
20*45 gallons, opposite which, in column 1, is found -0001341, 
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which, multiplied by the length in inches (36000), and divided 

by the diameter of the pipe also in inches, will give the head 

. . , x . -0001341x36000 Jftft . t m 

in inches, thus: j^ =-482 inches. We may 

compare this with Table III., by which the head comes out 
•00001646x1000= -01646 feet, or -19752 inches only; so 
that in this extreme case' Prony's rule gives nearly 2j times 
the head by Table III. But in ordinary cases the two tables 
give nearly the same result. Thus, say we have a 6-inch 

TT y. J 

pipe, 2000 yards long, with 10 feet head; then — ^ — is in 

that case 2000x3 == Q1> *^ e nearest num t>er to which in 
Table V. is -010407 or -009694, opposite to which, under 
6 inches diameter, are respectively 99-4 and 95*7 gallons, the 
mean of which may be taken in this case at 97*5 gallons. Now, by 

Table III. the discharge is ^qqq = ' 005 > wnicn maT be estimated 

at 97 5 gallons also, so that the two tables in this case give 
the same result. If, however, we calculate the discharge of 
the same pipe with a very small head, say 6 inches, we have 

Kxd 6x6 
by Prony's table V. — j— or 70000 = "^005, which may be 

taken at 17J gallons ; but by Table III. the discharge will be 
2qqq = '00025 = 21*8 gallons, so that in this case the difference 

is considerable ; in most cases, Table III. is correct enough 
for practice, with heads over 1 or 2 feet. 

Fountains. — (26) When water issues from a jet as at J, Fig. 
16, it should theoretically attain the height of the head, and h 
should be equal to H ; but it has been found by experiment 
that the height of the jet is always less than the head — a loss 
arising from the resistance of the air. The difference, or h\ 
increases with the absolute height of the jet, and becomes less 
with increase in the diameter. There are very few reliable 
experiments on this subject, and the laws indicated by those 
we have are very intricate. The best experiments we have are 
those of Weisbach, with jets f and f-inch diameter. The 
results are given by Table VI. ; and from these and some other 
experiments we find that h l increases nearly in the ratio of ' 
the square of the height of the jet, so that if we plot the 
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successive heights given by experiment as in Fig. 17, we 
obtain a carve which approximates to a parabola ; thus for a 
£-inch jet as in the Figure, with 160 feet head, the jet would 
have attained the height B, or 160 feet,' if there had been no 
resistance from the air ; but it is found by experiment that it 
only reaches 80 feet as at D, therefore h l = 80 feet is lost. 
Again, with 80 feet head, the jet would have reached C = 80 
feet ; but the experimental height is 60 feet, and in this case 
h l = 20 feet. 

(27) If we do this for different diameters of jets, we 
shall find that, with the same head, h 1 varies nearly in inverse 
ratio to the diameter ; for instance, we have seen that with 
80 feet head on a i-inch jet 20 feet is tost. Then for a 
jet 1 inch diameter the loss would be about 10 feet, and the 
height attained 70 feet ; but with a £-inch jet the loss would 
be about 40 feet, and the height attained 40 feet, and thus we 
have the elements for calculating the loss for any case, not 
perfectly agreeing, perhaps, with the true law, but the best 
approximation we can obtain. This is a subject on which 
more experimental information is very desirable. Table VII. 
gives the height ot jets with different heads, and is calculated 

H 2 
by the rule h l = --r x '0125, in which k l is the difference 

between the height of the jet and that of the head upon it, 
H = the head on the jet, and d = the diameter of the jet in 
-Jths of an inch. 

(28) It will be found by the foregoing rule that each 
particular size of jet attains its maximum height with a 
certain head, and that if the head is increased beyond that 
point, the height of the jet is not increased thereby, bnt is 
actually diminished. This appears paradoxical ; but an ex- 
cessive head breaks the jet into spray, and it meets with more 
resistance than a jet of solid water issuing with a moderate 
head. Some experiments with excessive heads show an 
enormous Iosr. A jet, 1 inch diameter, with 427 feet head, 
reached a height of about 109 feet, as measured by a 
theodolite. Our rule gives the loss h l at 285 feet, and hence 
the height of jet 427—285 = 142 feet. The error of 33 feet 
is considerable, but perhaps not more than might be expected 
for such an extreme case. Our table shows that this same 
size of jet would have attained a height of 160 feet with 
300 feet head ; so that, with an increase of head, we obtain 
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a less height of jet. A jet 1^ inch diameter attained a 
height of 144 feet with 300 feet head; our table gives 
187 feet. A jet 1$ inch diameter reached a height of 154 
feet with 185 feet head; our table gives 146 feet. 





Table VIIL 




A. 


B. 


C. 


D. 


£inch 


'45 inch 


*6 inch 


•3 inch 


f 


•67 


•9 


•45 


i 


•90 


1*2 


•6 


f 


T12 


1-5 


75 


J 


135 


1-8 


•9 


1 


1-80 


2-4 


1-2 


1* 


225 


3-0 


1-5 


1* 


270 


36 


1-8 


if 


315 


42 


21 


2 


36 


4-8 


24 


H 


40 


5*4 


2-7 


H 


4-5 


6*0 


30 


2J 


49 


6-6 


33 


3 


5*4 


7'2 


3-6 



(29) The quantity of water discharged may be calculated 
from the velocity found by the formula VHx8 = V(l), or 

more directly by V H x <P x -2547 = G, in which H=the 
head on the jet in feet, d the diameter in iths of an inch, and 
G= gallons discharged per minute. But this quantity is 
never fully realised in practice, except d be taken to represent 
the diameter of the contracted vein (3), or otherwise that the 
jet nozzle has the form of the vena-contracta. 

(30) The form of nozzle is a matter of importance, not only 
us affecting the quantity discharged, but also the solidity of the 
issuing column of water. Fig. 25 shows the best form of nozzle, 
the lip at E, projecting beyond the mouth, is intended to protect 
the bore from indentation by accident, &a Table VIII. gives 
the general proportions for different sizes. The discharge by 
such nozzles is about '943, the theoretical being 1*0, and may 
be found direct by the formula \/H x cP x -24 = G, and by this 
rule we hinve calculated Table IX, 
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(31) When a jet is placed at the end of a pipe, or series 
of pipes, as is usually the case, calculation must be 
made of the loss of head by friction in such pipes, so 
as to obtain the actual head on the jet, for which alone 
the rules and tables apply. Bay, for illustration, we take 
the case shown by Fig. 1 of a jet 1 inch diameter, 70 feet 
high, at the end of a main 6 inch, 5 inch, and 4 inch 
diameter of the lengths given, and that we have to calculate the 
head necessary. Table VII. shows that a jet 1-inch diameter, 
70 feet high, requires 80 feet head ; and Table IX. gives the 
discharge of the same jet, with 80 feet head, at 137 gallons 
per minute. Then by Table III. we calculate the friction of 
the main, and we have the following results : — 

Head to play 1-inch jet 70 feet high . . 80*00 feet 
Friction 6-inch main, say 140 galls. = -01037 x 600 = 622 „ 
„ 5 „ „ -0258 x 300=7-74. „ 

„ 4 „ „ -0788 X 100 = 7.88 „ 



101-84 feet 

(32) In other cases we may have the head and diameter 
of pipes and jet given, and have to determine the discharge. 
This case is illustrated by Fig. 2, and we must follow the 
course indicated in (15). Say we assume the discharge at 
300 gallons, Table IX. shows that for that quantity a jet 
1£ inch diameter will require about 75 feet head. Then by 
Table III. we find the friction of the main as follows : — 

Head to play 1 J-inch jet 300 gallons . . 75-00 feet 

Friction 7-inch main 300 gallons =-022 x800 = 1760 „ 

„ 6 „ „ -0476x400 = 19.04 „ 

„ 5 „ „ -1185 x 80 = 9-48 Jt 



12112 feet 
So that, for our assumed discharge of 300 gallons, we 
require only 121*12 feet instead of 150, the head at disposal. 
Then by the rule (15) the true discharge, with 150 feet, will 

, 300xn/150 ftft . „ 
be — =334 gallons. 

n/121*16 
(33) In another case we might require to find the diameter 
of one of the main pipes ; having all the rest given, say that 
we have to find the diameter of the pipe P, in Fig. 3. 
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m Table VII. gives a head of 90 feet for l±-inch jet 80 feet 
high ; and Table IX. gives 227 gallons for the discharge. 
Then l£-inch jet 80 feet high .... 90-0 head. 
Friction of 6-inch main, -028 X 400 . . . 11-2 „ 

101-2 head. 
Leaving 115— .101-2 = 138 feet for the friction of the pipe 

13*8 
P, and 200 ^'^ per yard ( 7 ) ; wnicn > h J Table IIL > is 
equal to a 5-inch pipe, with say 230 gallons, and this is the 
required diameter of P. 

(34) When the discharge takes place obliquely, or out of 
the perpendicular, the path of the jet is a parabola, and may 
be conveniently described by the method shown by Fig. 23, 
in which we have a jet discharging upward at an angle of 
45°, and with a head of 14 feet, which, by Table X., will give 
a velocity of 30 feet per second, or 3 feet per tenth of a 
second; and if we mark a series of points ABC, &c, 3 
feet apart, they will show the position of a particle of water 
each tenth of a second if gravity does not act ; but of course 
gravity does act simultaneously, and Table XI. gives the 
space fallen through each tenth of a second, which, being 
plotted on the perpendiculars drawn through each of the 
points ABC, &c, will give the true position of the particle 
at each tenth of a second. Thus, in -^ths of a second it 
would have arrived at C if uninfluenced by gravity, but the 
table shows that in that time a body falls 1 foot 5£ inches, con- 
sequently F is the true position at that moment, and so of the 
rest. The Figure gives the path for 2 seconds. The curvre S T, 
Fig. 23, shows the path of a jet, with the same head and 
velocity, projected downwards^ at the same angle of 45°. 
Fig. 19 gives the path for a horizontal projection, and also 
illustrates another method of drawing the parabolic curve, 
which consists in dividing the total space fallen through J K 
into the same number of equal parts as the line H J, and 
drawing radial lines from the point H, as shown. The path 
of the jet is through the intersections of the radial lines with 
the perpendiculars, as shown. The two methods give the 
same result precisely, and may be used indifferently. 

(35) There are some general laws in parabolic paths of jets 
which it will be well to state distinctly. Fig. 20 gives a jet 
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playing obliquely from a nozzle at J, and striking the hori- 
zontal plane at G. 

(36) 1st. If the line of direction of the jet pipe be pro- 
longed, it cuts the axis of the parabola at a point, C, whose 
distance from the base is always double the height of the 
parabola, or C N is equal to twice D K This gives a useful 
rule for finding the proper angle of the jet pipe when the 
path of the jet has been determined. 

(37) 2nd. If we find the focus of the parabola by the 
ordinary method, namely, by bisecting the radius of the base 
at A, drawing the line A D and making A L perpendicular 
to A D, then the point L is the focus of the parabola, and the 
distance N L is the extra head, h, necessary to play the jet 
horizontally, or the difference between the maximum height 
of the jet and the head upon it at J, H being the actual 
height which the jet attains at D, and H 1 the total head at J, 
to produce the parabolic path of the jet. 

(38) 3rd. If, therefore, with the same head, the jet were 
made to play vertically, it would (theoretically) attain the 
height of H 1 instead of H. 

(39) 4th. In all cases h bears a certain proportion to H 

(JL B) 2 
and B ; ft= „ ? thus to play a jet 32 feet horizontally (B), 

8* 
and 16 feet high (H), as in Fig. 21, we shall have h^jr^ 

4 feet, which, added to the height of the jet (16 feet), gives 
20 feet for the total head on the jet. 

(40) 5th. The horizontal distance may be calculated from 

H and H 1 , for H r — H=A, and v/W9b({ B); thus for 
ffsZO and H=16, as in Pig. 21, we have A=20— 16=4 

feet, and the range will be VTxHJ x 4=32 feet 

(41) 6th. When the jet issues horizontally as in Fig. 18, 
its path is half a parabola, following the same laws as before, 

namely, A=F, also h=^p^ and ^J^=H. 

(42) In some cases the two half parabolas are unequal, as in. 
Fig. 24, in which we have a jet 20 feet high at its maximum,, 
and delivering at N=15 feet high, and 24 feet distant hori- 
zontally from the nozzle at J, and we require to find A=the 
extea head, and to describe the path of the jet. Here, we 
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have first to find the centre line dividing the semi-parabolas, 

and to do this we hare — — — =R X . which in our case 

n/H+n/H" ' 

. 24x^/5 24x2-236 ft , A A1 _ , 

becomes y _ or =8 feet; therefore the 

V20+V5 4-472+2-236 
distance of the centre line from J will be 24 — 8=16 feet; 

... Dxn/H . 

found by — — l^=R; m our case 

4-472 +2-236 = ^ * eet * ^ en *^ e *° cus °* *^ e tw0 P ara ^ ^ as 
may be found as before, and it will be observed that F and 

F* are equal, and in our case A=^7r-=3-2 feet, or it may 

ay 

be found from the other semi-parabola thus : h -=-=3*2 feet 

as before. The total head at J will therefore be 20+3*2= 
23-2 feet (H 1 ). If we reverse the direction of the jet, placing 
the nozzle at N instead of at J, and with a head of 5+3-2= 
8*2 feet, the path of the jet will be the same as before, but 
the quantity of water discharged will not be the same, but will 
be proportional to the square roots of their respective heads, 
namely, 232 and 8-2 feet. 

(43) We have followed, throughout the investigation of the 
path of oblique jets, the theoretical law that the height of 
the jet is equal to the head, and we have done this to prevent 
complicating the matter unnecessarily; but obviously we 
must apply to oblique jets the correction we found necessary 
for perpendicular ones; thus, if we had a jet of i inch 
diameter with 80 feet head, Table VII. shows that the 
height attained perpendicularly would be only 60 feet, and 
the path of the jet should be calculated for the latter ; but 
the quantity of water expended, and the value of A, must be 
calculated for 80 feet. 

(44) Oblique jets of great height and range deviate con- 
siderably from the true parabolic path assigned by the rules ; 
the curve becomes, in such cases, like ADEin Fig. 22, the 
true parabolic path being ABC; but for moderate heights 
and ranges, such as usually occur in practice, the deviation is 
not considerable. 

(45) There are many kinds of ornamental jets which may 
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be used with pleasing effect in very sheltered situations — the 
interior of conservatories, &c. One of these, called the 
" Convolvulus " from the form of its display, is shown in 
half-size section by Fig. 10. The pressure of a very small 
head of water (2 or 3 feet) raises the valve B and allows 
a thin sheet of water to escape, forming a sheet jet of the form 
given in Fig. 11, and (with the size given by Fig. 10) about 
3 feet diameter, with an expenditure of about 6 gallons of water 
per minute. Fig. 12 is a half-sized section of the " Dome " or 
" Globe " jet, which produces a display of the form shown by 
Fig. 13, with a head of about 1 to 2 feet, the globe being 
about 14 inches diameter, and the expenditure of about 3 
gallons per minute. With a greater head, say 3 or 4 feet, 
the display has the form of an umbrella about 21 inches 
diameter, expending about 4 gallons. 

Table XIL— For Ball Jets. 



Diameter of Jet. 




Diameter of BalL 


i-inch 

1 » 


= 


1^-inch 

If „ 


"8 II 


= 


** „ 


i » 


= 


n „ 


i „ 


= 


H it 


1 ., 


= 


H ,, 


i » 


= 


4 „ 


1 „ 


= 


H ii 



The basket and ball jet is another pleasing variety. The 
basket is of fancy wire- work, large enough to catch the ball 
when it escapes from the jet of water, and formed so as to 
return it to its place. The ball is formed of light wood (lime- 
tree is the best), well varnished or gilded. There is a certain 
proportion between the size of the ball and the diameter of 
the jet. As an approximation, we may give the following 
rule: d?xl-3 = D 3 , in which d = the diameter of the jet in 
•|th of an inch, and D=the diameter of the ball in inches. 
Table XII. has been calculated by this rule ; they are not 
often made larger than f -inch jet and 3i-inch ball. 

Weirs. — (46) Fig. 7 shows a weir arranged for the purpose 
of gauging experimentally the quantity of water passing down 
the stream. A is a plate of thin iron with a notch cut out of it, 
wide enough by estimation to carry the water with a moderate 
depth of overfall ; this is screwed to a plank B, to obtain the 
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requisite stiffness to the plate, and the whole is fixed in the 
stream as shown. A stake with a flat and level head is driven 
into the bed of the stream, as at C, to such a depth that the 
top is exactly level with the lip of the weir, and the depth of 
water flowing over is measured by a common rule held on its* 
summit. The proper distance of the stake from the weir 
depends on the quantity of water to he dealt with ; — in small 
weirs it may be. from 2 to £ feet, in very large ones 20 to 25 
feet. The object is to place it far enough away to avoid the 
depression which the water suffers, as shown by Fig. 7, and 
to obtain the head from the true level of the water. For 
heads thus measured the formula may be dxVd x 2*67 =Gr, 
in which d is the depth flowing over in inches, and G the 
gallons discharged per inch of width of weir. Table XIII. is 
calculated by this rule. To find the discharge of a weir r say 
6 feet wide, with 3f -inch overfall, we have only to multiply 
the gallons per inch found in the table by the width in inches ; 
in our case 18-42 x 60=1105*2 gallons. 

(47) The table also applies to rectangular apertures dis- 
charging under a given pressure, as at Fig. 32, for the dis- 
charge in such a case is the difference between two weirs, 
A B C D and A E F D; say the head to the top of the 
aperture (A B) was 16^ inches, and to the bottom (A E) 
22 inches, and that the width (E F) was 20 inches, then by 
table 22 inches = 275*5 gallons per inch, and 16£ inches 
=179-0 gallons; the difference is therefore 275-5—179-0 
=96-5, and the discharge 96-5 x 20=1930 gallons. 

(48) Similarly we may determine the discharge of round 
apertures, or approximately of any regular figures, which will 
not differ sensibly from that found for a circumscribing rec- 
tangular opening, reduction being made for the true area of 
the figure whose discharge is required. Thus, say we required 
the discharge of a circular aperture 12 inches diameter, the 
head measured from the upper edge of the orifice being 14 
inches, therefore 26 inches above the lower edge. Here we 
have 354-0— .139-8 = 214-2 gallons per inch wide. If the 
aperture were rectangular, it would therefore discharge 
2 14-2" x 12 = 2570-4 gallons, but being circular, its area is 
•7854, that of a circumscribihg rectangle, and the true dis- 
charge is 2570-4 x -7854=rl808'8 gallons. 
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Table XIII. — Table of the Discharge of Water over Weirs, one 
inch wide, in Gallons per Minute. 
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^ 


4 
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*j 
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1 4 
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1 * 


JB 


1 f 


js 


I 


-a 




i 


I 


1 


1 




I 


1 


1 | 


Inch, 




IdcJl 




Inch, 




Inch. 


iDdL 




Inch 


i 


■3838 


H 


23-37 


10 


84-43 


■ 33 


506*1 64 


1367 


■ 95 


2472 


t 

3 


^0132 


H 


23-311 


10J 


90-84 


1 34 


529-3 65 


1399 


■ 96 


2512 


^944 


H 


24-38 


11 


97-41 


35 


552'S,, 66 
576*7" 67 


1432 


i 97 


2551 


1 


1-329 


H 


25 41J 


14 


1011 


! 36 


1464 


1 93 


2590 


1734 


■H SG-Sli 


12 1111*0 


37 


600-9 ' 68 


1497 


i 99 


2630 


i 


2-1S5 


41 


27-64 ■ 


miis-o 


38 


625-4 69 


1531 


100 


1670 


1 


2-G70 


*3 


as-7* I 


13 112.5-1 


! 39 


650*4 | 70 


1564 


101 


2711 


« 


31S5 


5 


2985 


13* 132*5 


1 40 


m-5 1 71 


1597 


102 


2751 


H 


3*818 


5* 


3007 


14 139-8 


41 


700'J 73 


u;,n 


103 


2791 


H 


4-305 


H 


32*12 


14^1474 


' 42 


726-7 73 


1665 


I'M 


2825 


li 


4905 


H 


3326 


15 11551 ; 


43 


752*9 74 


1700 


lUfj 


2873 


4 


5-531 


4 


uu 


15J:163-0 | 


44 


779*3 


75 


1734 


106 


2914 


M 


6-167 


ti 


35*62 


n 


170-9 


45 


306*0, 


76 


1769 


107 


2955, 


u 


6*855 


a 


3GS5 


lf>i;l790 


46 


832-8 


11 


1804 


108 


2997 


2 


7*552 


5| 


3802 


17 187*1 


47 


B0O-3 


78 


1839 


109 


3039^ 


2* 


8-271 


6 


3924 


17J 195-5 ! 


43 


887-9 


79 1875 


'no 


3080 


3± 


9-011 


«i 


4V7S 


18 1203-9 


49 


915*8 


80 1910 


111 


3122, 


2f 


9-773 


> 64 


44-25 


19 '221-1 


50 


944*0 j 81 


1946 


112 


3165! 


H 


10-55 


i&*§2 i 


20 


238*8 j 


51 


WM ' 82 


19S3 


113 


3207 


n 


11-36 


7 


49 45 


31 


256-9 


52 


1001 


83 


2019 


114 


3250 


n 


12*13 


, 7 4 


52*12 


22 


275-5 ' 


53 


1030 


84 


2056 


115 


3293 


n 


1302 


1 


54-84 


23 


2944 


54 


1060 


85 


2093 


116 


3336 


3 


13*87 


5701 ' 


24 


313-9 


55 


10S9 


80 


2130 


,117 


3379 


H 


1475 


8 


60*41 j 


25 


333-S ' 


50 


1119 


87 


2162 


US 


3422 


H 


15^64 


u 


62'54" 


26 


3540 


57 


1149 


88 


2204 


119 


3466 


3| 


1G-55 


84 


6617 1 


27 


374-6 


58 


1179 


89 


2242 


120 


3510 


4 


17'48 


83 


69 11. 


2S 


395 -r, 


59 


1210 


90 


2280 






3f 


18-42 


9 


72 '09 i 


29 


417*0 


60 


1941 1 


91 231 ft 






n 


19*39 


9i 


75 12 


30 


438-7 


01 


1272 


92 3356 






H 


20-37 


9 £ 


?yis 


31 


460*8 


62 


1304 


93 


239S 






4 


21-36 


3| BI-80 


32 


483-5 


63 


1335 


94 


2433 
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Tablb XIV. — Of the Velocities in Feet per Second, due to given 

Heads. 



Head 






Head 










in 


A. 


B. 


C. 


D. 1 


in 


A. 


B. 


c. 


D. 


Inches Coef. 1-0 


Coef. -96 


Coef. -86 


Coef. -635 


Inches 


Coef. 10 


Coef. -96 


Coef . -86 Coef. -635 

1 


A 


'29 


-2784 


'2494 


-18415 


1 


2317 


2-2224 


1-9930 


1-4713 


W 


■41 


♦3936 


"3524 


■2603 


n 


2-590 


2-4864 


2-2270 


1-6446 


tV 


■58 


'S5fi8 


■4988 


-3f83 


iJ 


2*837 


2-7235 


2-4398 


1*8015 


I 


'82 


•7872 


-7052 


'5207 


if 


3065 


2*9424 


2-6360 


1-9463 


A 


1-0 


-9600 


'8600 


-6350 


2 


3-276 


3-145 


2*8174 


2-0803 


I 


M58 


1-1117 


■9959 


■7353 


24 


3-475 


3336 


2-9885 


2*2066 


A 


1-295 


I '2432 


1-1140 


"8223 


2* 


3663 


3-516 


3-1502 


2-3260 


} 


1-418 


1-3613 


1-2195 


-9004 


2} 


3*842 


3-688 


3-3041 


2-4397 


A 


1532 


J 1 7> ■ 7 


1-3175 


-972S ' 


3 


4-012 


3-851 


3-4503 


2*5476 


I 


1-639 


1-5725 


1-4087 


1-0401 


34 


4-176 


4-009 


3*5914 


2-6517 


A 


1737 


T6675 


1M938 


1-1030 


si 


4-334 


4-161 


3-7272 


2-7521 


1 


1-831 


1'7.-p77 


1-5747 


1-1627 , 


3} 


4-486 


4-306 


3-8580 


2*8486 


tt 


1921 


1-8442 


1-652 


1-2198 ' 


4 


4-633 


4-448 


3-9844 


2*9420 


i 


2-006 


1-9258 


1-725 


1-2736 


<H 


4*914 


4-717 


4-2260 


3*1204 


■h 


2-08S 


2 0045 


W96 


1-3259 


5 


5- 180 


497S 


4-455 


3*2893 


i 


2*167 


20A03 


1'863 


1-376 


6 


5-675 


5-448 


4-881 


3*6036 


H 


2-243 


21 533 


1-929 


1-424 













(49) If the discharging orifice is not a thin plate, the 
discharge will vary within certain limits from that given by 
our table. If, for instance, the crest were 2 or 3 inches 
thick, it might be expected that the discharge would be 
reduced by the extra friction, and for thin currents this 
would no doubt be the case; but, on the other hand, the 
effect of a thick lip is to diminish the vena-contracta, and 
thereby increase the discharge (3), and this will be more 
influential in deep overflows than in shallow ones. The 
experiments that have been made on this subject are so 
discordant among themselves, that we cannot make use of 
them satisfactorily. One set of experiments gives a coefficient 
of *723 as a mean of thirty experiments on a weir 10 feet 
long and 2 inches thick ; while another set of eleven experi- 
ments by the same authority, and with a weir precisely 
similar, gives a mean of '557 only. Our Table XIII. is 
calculated with a coefficient of *667. 

(50) We have so far supposed that the head has been mea- 
sured from still water, or that the channel was of very large 
area in proportion to the discharging orifices. Where the 
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channel is of small area the water will have a sensible velocity, 
and if this is considerable, it will increase the discharge, and 
correction mast be made for it by adding to the measured head 
that due to the observed velocity of approach. Table XIV. 
gives the head due to a range of velocities, such as are likely 
to be met with in ordinary practice. Column A gives the 
theoretical velocity, which would never be attained except with 
orifices having the form of the vena-contracta, and measured at 
the smallest part. The other columns are calculated for the 
coefficients given by Eytelwein. B applies to very wide 
openings whose bottom is on a level with that of the reser- 
voirs, to sluices with bottom and side walls in a line with the 
orifice, and to bridges with pointed piers. G applies to 
narrow openings whose bottom is on a level with that of the 
reservoirs, also to smaller sluices with side walls, and to 
abrupt projections generally, square piers of bridges, &c. ; and 
D applies to openings in sluices without side walls, and with 
bottom not at same level. Thus, in our case of a weir with 
3f inches overfall, if the velocity of approach had been 9 
inches, or '75 of a foot per second, we find that the head due 
to that velocity in column B=-§- inch, and the head on the weir 
becomes 3f, and the discharge 19*39x60 = 1163*4 gallons 
instead of 1105*2, as we found it for still water. But in 
making this correction the mean velocity should be taken, 
not the maximum central surface velocity (53). 

(51) These rules for weirs apply also with approximate 
correctness to an overflow pipe to a tank, as per Fig. 26, 
which may be taken as a circular weir, and the discharge 
calculated by Table XIII., taking the circumference of the 
lip of the trumpet-mouth as the length of the weir. Or it 
may be calculated direct by the formulae D x VD X d x 8*4 
G 



= G, and — — — =- = dand\l_Jl — = \/D, in which d 

f 8.4xDx\/D ' N 8*4xd ' 

= the diameter of trumpet-mouth in inches, and J) — depth 
of water over the lip (measured from still water) in inches, 
and G = gallons discharged per minute. Table XV. has 
been calculated by this rule. The size of the overflow pipe 
must be determined by the ordinary rules, or by Tables II. 
and III. It will be found that the discharge is governed 
principally by the head due to velocity. For tanks 3 feet 
deep, and with overflow pipe of the same length, Table XVI. 
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gives the maximum discharge. For greater lengths with 
vertical pipes it will be a little greater, but not very much, 
because the friction from the increased length of pipe absorbs 
the head in the same proportion. Say we had to provide 

Table XVL — Of the Maximum Discharge of Vertical Pipes 
3 Feet long. 



| Maximum Dis- 
! Diameter of Pipe charge of Gallons 
in Inches. | per Minute. 


.1 j 19 


1* 1 45 

2 i 88 


? 


145 % 
220 


3* 

4 


303 

400 


5 


630 


. 6 


920 


7 


1300 



for 400 gallons per minute, Table XVI. shows that 4 
inches is the smallest size of pipe admissible, and allowing 
2\ inches for overflow, Table XV. gives 12 inches for the 
diameter of trumpet-mouth. We must also make some 
allowance for contingencies, and in such a case the lip 
of the trumpet-mouth must not be less than 3 inches helow 
the top of the tank, and 3 inches is practically lost in the 
useful depth of the tank. 

(52) Fig. 27 shows a simple contrivance of the late Mr. 
Appold, by which this loss may be avoided, and the water 
level not allowed to rise more than about one-eighth of an 
inch above the top of the trumpet-mouth, even when the 
descending pipe is discharging full bore. B is a spherical or 
dished cover of sheet iron or copper, &c, supported on four 
brackets, C C, cast on the pipe, so that its lower lip, D, is at 
the same level as the lip of the trumpet-mouth. When the 
water rises to that level, it does not immediately flow over 
when the lip is dry, but rises perhaps one-tenth of an inch 
above it, and then suddenly overflows, and running down 
creates a partial vacuum under the cover, causing the water 
to rise there above the level of the water in the tank, filling 
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the pipe full bore. The air under the cover is swallowed up 
by the rush of water, and the maximum quantity which the 
pipe can carry is delivered ; and this continues till the water, 
being drawn down below the lip of the cover D, air enters, 
and the action suddenly ceases, to be again repeated should 
the water rise. It is usual to construct these pipes so as to 
serve as a wash-out valve, the joint at the bottom being 
turned and bored so as to be a water-tight valve. 

Table XVII. — For open Channels, Canals, and Rivers, giving 
the Mean Velocity throughout the Section, correspond- 
ing to observed Central Surface Velocities. 



Surface 


Mean 


Surface 


Mean 


Surface 


Mean 


Surface 


Mean 


Velocity. 


Velocity. 


Velocity. 


Velocity. 


Velocity.! Velocity. 


Velocity. 


Velocity. 


1 


•84 


26 


21-84 


51 


42-84 


76 


63-84 


2 


1-68 


27 


22-68 


52 


43-68 


77 


6468 


3 


2-52 


28 


23-52 


53 


44-52 


78 


65-52 


' 4 


3-36 


29 


24-36 


54 


45-36 


79 


66-36 


5 


4-2 


30 


25-2 


55 


46-20 


80 


672 


6 


504 


31 


26-06 


56 


47-04 


81 


68-04 


7 


5-88 


32 


26-88 


57 


47-88 


82 


68-88 


8 


6-72 


33 


27-72 


58 


48-72 


83 


69-72 


9 


7-56 


34 


28-56 


59 


49-56 


84 


70-56 


10 


8-4 


35 


29-4 


60 


50-4 


85 


71-40 


11 


924 


36 


30-24 


61 


51-24 


86 


72-24 


12 


10-08 


37 


31-08 


62 


52-12 


87 


73-08 


13 


10-92 


38 


31-92 


63 


52-92 


88 


73-92 


14 


11-76 


39 


32-76 


64 


53-76 


89 


74-76 


15 


12-60 


40 


33-6 


65 


54-6 


90 


75-6 


16 


13-44 


41 


34-44 


66 


55-44 


91 


76-44 


17 


14-28 


42 


35-28 


67 


56-28 


92 


77*28 


18 


15-12 


43 


36-12 


68 


57-12 


93 


78-12 


19 


15-96 


44 


36-96 


69 


57-96 


94 


78-96 


20 


16-8 


45 


37-8 


70 


58-8 


95 


79-80 


21 


17-64 


46 


38-64 


71 


59-68 


96 


80-64 


22 


18-48 


47 


39-48 


72 


60-48 


97 


81-48 


23 


19-32 


48 


40-32 


73 


61-32 


98 


82-32 


24 


20-16 


49 


41-16 


74 


62-16 


99 


83-16 


25 21-0- 


50 


42-0 


75 


63-00 


100 


84-00 



Canals and Water-courses. — (53) When water flows in 
open channels we may find the discharge by observing the 
velocity of the current, and calculating with that and the 
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known area of the section. But for this purpose we require 
the mean velocity throughout the section, which is not given by 
observation. The velocity varies, being a maximum in the 
centre, and at the surface in most cases, diminishing from 
thence to the banks at either side and to the bottom, where it 
is a minimum. The best experiments we have, give the mean 
velocity throughout the section at 83 per cent, of the max- 
imum central surface velocity, whicn is usually the velocity 
observed, and is easily obtained by a float on the surface of 
the stream. Table XVII. gives the mean velocity by this 
rule. Thus if a channel, whose area is 24 square feet, has 
by observation a central surface velocity of 35 feet per minute, 
the mean velocity by table is 29*4 feet, and the discharge 
will be 29-4x24 = 705-6 cubic feet, or 7056x6-23 = 4396 
gallons. 

(54) The quantity of water discharged by a river or any 
open channel may also be determined by calculation when we 
biow the fall in a given distance, and have a cross section of 
the stream. There are many formulae by which this may be 
done. Eytelwein's is V = -91\/F x R, in which V=the mean 
velocity throughout the whole of the cross sectional area in 
inches per second ; F = the fall in two miles in inches ; and 
R = the hydraulic radius or hydraulic mean depth, also in 
inches. 

(55) R is found by dividing the cross sectional area of the 
stream in square inches, by the border or wetted perimeter in 
inches. Thus, in' Fig. 14, the area is 72x30=2160 square 
inches, and the wetted border being 72+30+30=132 inches, 

the hydraulic radius is "Tqo" ==1 6-36 inches. But for large 

areas, to which this rule is usually applied, it is more con- 
venient to take the hydraulic radius in feet, which may be 
done by taking the measurements in feet. Thus, in the last 
example (Fig. 14), the area being 15 square feet and the 

border 11 feet, we have the hydraulic radius yy= 1*363 feet. 

Say we required the velocity of such a channel with a fall of 
10 inches per mile (or 20 inches in 2 miles), then by Eytel- 
wein's rule we have s/20 x 16*36 X -91=16-46 inches per 
second, or 1-372 feet; and from this we get the discharge of 
the channel, whose area is 15 feet, at 1-372 x 60 x 15=1234-8 
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.cubic feet, or 7693 gallons per minute. To find the fell to give 

Any required velocity, we have - R » = P. Table XVJJUL. 

has been calculated by the formula *V = •91>/F r R, and gives the 
velocity due to a given hydraulic radius and fall, or the faH 
necessary -to produce any required velocity with a given 
hydraulic radius. 

(56) Thus for the case, Fig. 14, the hydraulic radius is, 
as we have seen, 1*863 feet, which may be estimated from 
Table XVIII. to be 83 feet per minute, the velocity of dis* 
dharge, and whidi we found by the rule to be 1*372 feet per 
second = 82*82 feet per minute. 

Table XIX. — For the Discharge of Canals, Rivers, &e. 



#ean 




Jfe* 




Velocity In 




Velocity in 




feet per 


S.S. 


feet per 


B.S. 


Second. 




./Second- 




025 


•0000006734 


•6 


•00005466 


•05 


•0000O1489 < 


-65 


•00006284 


•075 


•00000244 


•7 


•00007158 


1 


•000008538 


•75 


•00008197 


•125 


•000004771 


-s 


•00009183 


•15 


•000006155 


•8.5 


•0001011? 


•175 


•000007656 


•9 


•0001121 


•2 


•000009307 


•95 


•0001236 


•225 


•0000111 


10 


•0001367 


•25 


•00001303 


1-1 


•00016146 


•275 


•00001510 


1-2 


•0001895 


•3 


•00001730 


1-3 


-00022096 


•325 


•00001966 


1-4 


•0002535 


•35 


00002214 


1-5 


•00028703 


•375 


•00002477 


1-6 


•00032402 


•4 


•00002753 


1-7 


•0003644 


•425 


•000030753 


1-8 


•0004047 


•45 


•000033484 


1-9 


•000453 


•475 


•00003666 


2-0 


•0004943 


•5 


•00004000 


25 


•000757 


•55 


•00004705 


3-0 


001083 



(57) Again, say we require to determine the fall necessary 
in the same channel 100 yards long to discharge 8000 cubic 
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feet per minute. Thejurea.cf the channel being 15 square feet, 
the Telocity of discbarge must obviously be —*jr =200 feet per 

njjnute. Then, the hydraulic mean radius being 1-363, we 
have to look in the table between the nearest numbers in the 
table (1-3 and T4) for the 200, the required velocity, which 
we find to be given by 5 feet per mile, or -0341 inches per 
yard, and for our case <Q341 x JQQ=3-41 inches falL 

(58) Take another case sho* a by Fig. 15 of an open cutting 
with sloping bank, and say that we have to determine tine dis- 
charge with a fall of 8 inches per mile. First we have the area 

30 .120 

— -? — x 2*5 =* 62>5 square feet, anjd the wetted perimeter 

62-5 
being 5^6+20+5-6 s 31 % we get ti& hydraulic radius gj^ 

=?2 feet, which, per Table XVIII,, with a fall 4>f 8 inches per 
mile, will have a velocity of $9*2 feet per iminute, and a 
diaeharge of 89*2 x 62*5-5575 cubic feet, or 34732 giUon? 
per minute. 

XagawE XX.— Of the Calculated Velocities of Discharge by 
Channel, Fig. 15. 









' ■ • 


• ■ 


Velocity 


Enrorof 










Mew Velocity by 
Table XIX. 


by Table 
XVTIL 


Table 
XVTIL 


Fall in 

Inches 

per Mile. 


B. 


9. 


*& 








Feet per 


Feet per 
Mi*. 


Feet per 


PerGent 


1 


2 


•0000158 


0000316 


.4375 


2625 


31-7 


20-7 


2 


2 


•0000316 


0000632 


•65 


390 


446 


14-3 


3 


2 


•0000474 


0000948 


•82 


49-2 


55-0 


11-8 


4 


2 


•0000632 


•0001264 


•96 


57*6 


62-4 


8-3 


6 


2 


•0000948 


•0001896 


1-2 


720 


77-8 


8-05 


8 


2 


•0001264 


•0002528 


1-38 


82*8 


89-2 


77 


10 


2 


•0001580 


•0003160 


1-56 


93*6 


100-4 


7-3 


12 


2 


-0001896 


•0003792 


1-75 


105-0 


111-0 


60 


24 


2 


•0003792 


•0007584 


25 


150-0 


156-0 


4-0 



(59) Table XVIII. gives a ready solution of ordinary 
cases, but for very low velocities there is a considerable 
error. Prony, Saint Venant, and Eytelwein, have given 
rules which give more correct results for such cases. From 
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a comparison of these three rales, with ninety-six expe- 
riments on the discharge of canals and rivers by several 
experimenters, we find that Eytelwein's rule agrees best with 
thirty-eight experiments, Saint Venant with thirty-two, and 
Prony with twenty-six. Eytelwein's formula may take the 

(V+-1089)*— 0118858 ^ „ . , . , „ 
following form : — - — gg^ =RS,in which V 

= the velocity in feet per second, R = the hydraulic radius in 

area H 

feet or ^ order y and S =the slope, or j-. Table XIX. has 

been calculated by this rule. Say we have to determine the 
mean velocity in the channel shown by Pig. 15 with a fall of 
only 1 inch per mile. The value of R we found before (58) 

to be 2, and S for our present case is 17 gA x og = '0000158. 

Therefore R S = -0000316, which by Table XIX. is found 
intermediate between the velocities -425 and 45, say -4375 
feet per jsecond, or 26*25 feet per minute, instead of 31*7 feet, 
as in Table XVIII. But for a fall of 12 inches per mile, 
the difference is only about 6 'per cent. Table XX., which 
gives the calculated velocities with different falls by Tables 
XVIII. and XIX. with the channel, Fig. 15, will enable the 
engineer to determine which table to use in any particular 
case. The Table XVIII. is correct- enough for practice in 
most cases, with falls over 8 inches per mile. 

(60) It must not be overlooked that these rules, tables, and 
calculations, give the head due to friction only, and do not 
include the head due to velocity. Thus in (57) we had a 
mean velocity of 200 feet per minute, or 3*33 feet per second, 
which by Table XVII. is equal to 4 feet maximum surface 
velocity, and to obtain that velocity, irrespective of friction, we 
shall require by Table XIV. (column B) a head of 3± inches ; 
the total head is therefore 3'41-f 3*25 = 6*66 inches, and in 
this case the head for velocity is nearly equal to that due to 
friction. Again in (58), we found a mean velocity of 89*2 feet 
per minute, or say 15 feet per second, which is equal to 1*8 
maximum surface velocity, and to f inch head only, so that 
if the channel were two miles long, with 16 inches fall, the 
loss of | inch would have no sensible effect on the discharge, 
but if the channel were £th of a mile long, the head allowed 
for it would only be 1 inch, and the loss off inch would havo 
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a serious effect. With very short channels, whose discharge 
k sought, the best coarse is to assume a fall somewhat less 
than the fall given, and calculate as in (57), adding the head 
for velocity as above, and by trial and error, approximate to 
the true discharge. Thus in the case (58), say the channel 
were £th of a mile long ; instead of 8 inches, let us assume a 
fall of say 5 inches per mile, then, with the known hydraulic 
radius 2, we have by Table XVIIL, a mean velocity of 71 
feet per minute, or 1-2 feet per second, or by Table XVII., 
1-4 feet maximum, which by Table XIV. = | inch head. 
The fall of 5 inches per mile is- equal to | inch for Jth of a 
mile, and the head for velocity being | we have a total of 
# -f | = 1 inch, or 8 inches per mile, the given head. The 
velocity of discharge with a channel £th of a mile long, Fig. 15, 
is therefore 71 feet per second, instead of 89*2 feet as for a 
very long channel, say 2 or 3 miles long. 

(61) Openings in Bridges, fyc. — The head lost by a stream 
in passing through bridges is almost wholly that due to velocity 
alone, the length of the contracted channel being in most cases so 
short, as to have little influence on the discharge. The head 
may be estimated by Table XIV. ; say we take the case (58) 
of a stream, Fig. 15, discharging 5575 cubic feet per minute, 
and passing through a bridge 8 feet wide, and 3 feet deep. 
The area being 3 x 8 = 24 feet, the velocity must be 

HjTTgQ=3-87 feet per second, which, with pointed piers, 

would require by Table XIV., column B, 3 inches head ; but 
we have seen (60), that the stream approaches with a velocity 
due to | inch head, the head at the bridge is therefore 
3 — f = 2f inches. With square headed piers (column C), we 
have 4 inches head, or at the bridge, 4 — § = 3f inches head. 

(62) Submerged Openings. — The discharge by a submerged 
orifice, may be calculated by Table XIV. ; thus an opening 
2 feet x 3 feet, or 6 square feet area, in a sluice gate, ,&c., 
with a difference of 5 inches water level on its two sides, would 
discharge (column D) 6 X 3*2893 = 19*7 cubic feet per second. 
With 4 feet head, by Tables X. or XI., the theoretical velocity 
is 16 feet per second, and the discharge would be 6 X 16 x *635 
= 60*96 cubic feet per second. 
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NOTE TO TABLES IH 6 V. 

ttmted Pipe*.~-The tables and rules for pipes, are adapted 
tally to elate and ef en surfaces ; bat sofloe waters, especially 
thostffttfcn the granite formation, contain a great deal of 
*x?gefe» which rapidly decomposes iron, forming rust, which* 
it deposited, not in an even surface, but in nodnles 6f 
carbuncle These retard the flow, not so muck by tie 1 
deduction of diameter, as by tbe alteration of the character of 
the surface. A notable case of this kind occurred at Tottjutff , 
where a pip* 14 miles long, composed of 14,267 yards of 
10<ineh, 10,085 yards «* 9>-incb, and 170 yards Of 8«inch 
pipe, delivered only 317*4 gallons with 465 ieet head. We 
amy calculate the discharge as i& (U), ttsfetning 100 gallons, 
we hare by Table in. 

10 nidi, -00041115 X 14267 * 5-860 feet. 
9 „ -000697 x 10085 =*7029 „ 
8 „ -001250 X 170= -21& „ 



OS 



13'lll feet heifd, 
and the discharge with the real head i* V 465 x 1QQ 

21-564 x 100 ffnK „ _ . x , 
3-621 T =595 gallons. The experimental 

was therefore Only 83 per cent, of the calculated, or in 
round numbers, the discharge was that due to ±th of the 
head, so that fths of the head was lost in undue friction. Air 
ingenious scraper suggested by the late Mr. Appold, and 
worked by the pressure ef the water, was passed through 
these pipes, and erubsequentlr an improved one, by 
W. Froude, Esq,, was used, with remarkably good results, 
the discharge being increased to 564 gallons, or wittritf 
5 per cent, of the calculated quantity, Dr* ADgus Smith's 
process, by which pipes are coated all over with a blaofc 
enamel, seems to be an effective remedy j such pipes hate* 
been used with Torquay water for years, without the* 
slightest effect. The process i» very cheap, being only 
about 5s. per ton for medium pipes-, it can be effectually 
done only in the process of casting, while the pipes are 
new and not. "With such a smooth surface, the discharging, 
power must be increased in a much higher ratio than the 
cost, so that such pipes must really be more economical 
than any other, and they should be used in all cases. 
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APPENDIX. 



On the Strength op Water-Pipes. 
(1) Barlow's rule for the strength of pipes to resist an 
internal pressure is c* p = T, in which S = the cohesive 

strength of the metal, which for cast iron may be taken at 
7*142 tons, or 16,000 pounds per square inch; P = the in- 
ternal pressure per square inch, in the same terms as S — that 
is to say, if S be in tons, P will be in tons also, &c. ; R =the 
radius of the inside of the pipe in inches ; and T = the thick- 
ly XT • r. i SxT t> j( R + T )x p a 
ness of metal m inches ; also p , m = Jr, and L -^r = S. 

These rules are based on the fact, that when a pipe is 
subjected to internal pressure, the whole section of the metal 
is not strained to the same extent, but that the strain is 
greatest near the centre, and diminishes with the distance; 
therefrom. To illustrate this fact, take a pipe 10 inches 
diameter inside, and 20 inches outside, as per Fig. 1, and 
let an internal pressure be exerted until the inside diameter 
is extended from 10 inches to 10^ inches, as in Fig. 2. 

Pig. J. Pig. 2. 
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Now; if the metal at A were strained in the same proportion 
as at B, it would also be extended or stretched in the same 
proportion, and 20 inches would become 20£ inches. But 
obviously the sectional ore* *aust be the same in all cases, 
and the area of 10 inches being 78*54, and of 20 inches 
= 314-16, we have 314-16 — 7854 = 235-62 for the area of 
the metal in Fig. 1 ; and the outside diameter in Fig. 2 
must be found by adding the area of 10£ inches (or 80-517) 
to 235-62, and we have 80/517+235-62^= 3161357, the area 
due to which is 20^, the diameter at A, instead of 20£, as 
it should have been if the metal had been strained to the 
same extent as at B. It will be seen from this that the 
extension varies as the square of the distance from the 

centre, for ^ = y 1 -, as we have found it. 

(2) The extension of cast iron is not exaetly peo,portio»al 
to the strain; the relations -are given by ^h$ formulae 

W = nI( -00001 E 03 x L + 64 ^) - S ' 01 > and E = (000165x 
W)+(0000103 x W) x L, in which 

W ?= ihe strain on a bar, in tons per square inch ; 

li *= the length of the bar in inches ; 

J3 = the extension in inches. 
Applying this to the case of a thick pipe, as in Fig. 3, we 

Fig. 8. 

B 




n)( 



APPENDIX. 47 

mill assume the cohesive strength of cast iron at 7 tons per 
square inch, breaking weight. This is the strain on the 
inside filament of metal at the moment of rapture, and the 
extension for a length of 1 (which, as we want only pro- 
portional numbers, will answer our purpose) will be (-000165 
X 7)+OQ000103 x 7 s ) = -0016597. Then the extension, 6 

inches from the centre, will be fi8 = -00115257, 

and the st rain dne t o that by formula is equal to 

flflOOf 0B "^" 64*16 J «■" 8*01 « &'%6 tons per square inch, 
and thus has been calculated column C in Fig. 3. Then the 
mean strain upon each ring is evidently the average of the 
strain at ijts internal and external periphery.. Thus the 

74-5*26 
mean strain on the first ring is - 7\ .... =i6-18 tons, and 

column © in 'Pig. 3 has been thus obtained. 

(8) The bursting pressure of a 10-inch pipe, 1 inch 

6*13x2 
*&ick, will therefor^ be '- — ^-^=i*226 tons per square 

6*13+4*675 
inch ; for -g Jncjhes thick the mean strain is ^ — ~ 

*f5*4025, and the bursting pressure — -tq — -=2*61 tons 

per square inch* Table I. gives the strength of a 10-inch 
pipe calculated on these principles. It will be observed, that 
in every case rupture takes place first at the inside filament 
of metal, the rest following instantaneously. With a thick- 
ness of 10 inches, the outside metal is strained only to 1*05 
tons, while the inside is breaking with 7 tons. 

(4) The cylinders of hydraulic presses are commonly 
made with a thickness equal to the radius of the bore, and 
are supposed to be capable of working safely with 3 tons per 

circular inch, or : 7 ^,, =3*82 tons per square inch; but 

Table I. shows that with such proportions a cylinder would 
burst with a little less than 4 tons per square inch, and 
should certainly not have more than about 2 tons as a 
permanent load; and, indeed, in practice this is seldom 
exceeded. The safety valve may indicate 3 tons per circular 
inch, but, as usually constructed, a safety valve is a very 
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uncertain indicator of pressure, and the application of a 
correct pressure gauge generally shows that the real pressure 
is much less than the reputed. In the presses used for 
raising the Britannia Bridge, half the weight of the tube, or 
700 tons, was raised bj one 20-inch ram, and the pressure 

was therefore oq^I *75 tons per circular inch, or q7I = 2*23 

tons per square inch. 

(5) With comparatively thin pipes, such as are commonly 
used for water, and with moderate pressures, we have to 
consider not only the thickness necessary to bear the pressure, 
but also the least thickness with which it is possible to cast 
them. Oreat care is taken to keep the core central, but it is 
seldom perfectly so, a pipe which is intended to be i-inch 
thick being frequently fths at one side and £ths at the 
other, and of course the least thickness is the measure of the 
strength of the pipe. In thin pipes the determination of the 
thickness becomes a practical question. We may give, as an 

/vl) V /HxD\ 
empirical rule, t = v"~jQ+*15y "^~ *25000' m wn * cn D = the 

diameter of the pipe in inches, H = the head of water in feet, 
and £ = the thickness in inches. Table II. has been cal- 
culated by this rule. The thicknesses in the second column 
are suitable only for gas-pipes, &c, where the pressures are 
very small. 

(6) The joints of water-pipes are usually made with 
sockets and spigots run with melted lead, and this is the best 
mode. Such pipes are easy to cast, and consequently cheap ; 
the joints are more easily made than with flanges, &c. ; and 
they admit a considerable departure from the strictly straight 
line, which is sometimes very convenient. The proportions of 
the sockets, &c, vary slightly with different makers. Table 
III. gives some useful particulars, average weights of stock 
pipes, &c. 

(7) Flange pipes are not very often used for water, for 
the reasons given above; but they are convenient for tem- 
porary purposes, where the joints have to be frequently 
broken. Table IV. gives the best proportions for the flanges, 
bolts, &c., which will be found to differ considerably from 
those by many makers. The flanges of cast iron pipes are 
commonly made excessively large in diameter, and very light 
in metal. 
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Table L— Of the Strength of 10-inch Cast Iron Pipe. 



Thickness of 
Metal 


Strain on the Metal in Tons per Square Inch 


Bursting 
Pressure in 

Tons per 
Square Inch. 


IffkTJmnm, 


Minimum. 


Mean. 


1 inch 
2 
3 
4 
5 
6 
7 
8 
9 
10 


70 
70 
7-0 
70 
70 
70 
7-0 
70 
70 
7*0 


5-26 
4-09 
3-26 
2-65 
2-20 
1-85 
1-60 
1-37 
119 
1-05 


613 

5-4025 
'4-827 
4-359 
3-972 
3-6475 
3-373 
3137 
2-9306 
2-7495 


1-226 

2-161 

2-896 

3-485 

3-972 

4-337 ' 

4-722 

5-019 

5-275 

5-499 



Table II. — Of the Thickness of Cast Iron Pipes, to bear 
safely different Pressures of Water. 



Diameter 

of Pipe in 

Inches. 


Head of Water in Feet, 


For Gas 
Ac 


100 


250 


500 


750 


1000 


Thickness in Inches. 


1* 


•27 


•28 


•29 


•30 


•31 


•33 


2 


•29 


•3 


•31 


•33 


•35 


•37 


H 


•3 


•31 


•33 


•35 


•37 


•41 


3 


•32 


•33 


•35 


•38 


•41 


•44 


4 


•35 


•37 


•39 


•43 


•47 


•51 


$ 


•37 


•39 


•42 


•47 


•52 


•57 


6 


•39 


•42 


•45 


•51 


•57 


•63 


7 


•41 


•44 


•48 


•55 


•62 


•69 


8 


•43 


•46 


•51 


•59 


•67 


•75 


9 


•45 


•48 


•53 


•63 


•72 


•81 


10 


•46 


•50 


•56 


•66 


•76 


•86 


12 


•49 


•54 


•61 


•73 


•85 


•97 


15 


•53 


•59 


•68 


•83 


•98 


113 


18 


•57 


•64 


•75 


•93 


111 


1-29 


21 


•6 


•69 


•81 


1-02 


1-23 


1-44 


24 


•64 


•73 


•88 


112 


1-36 


1-60 


30 


•69 


•81 


100 


1-29 


1-59 


1-89 


36 


•75 


•89 


111 


1-47 


1-83 


219 
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Table IIL— Of the Weights and Proportions of Cast Iron 
Socket Pipes for a Head of about 200 feet. 



Diam. 


Length 


Depth of 
Socket 




Average 


Average 


of 
Pipe. 


without 
Socket 


Lead Joint 


Weight of 
thePipes. 


Weight of 
Qnatr. Bends. 


Inch. 


ft in. 


inch. 


Thickness. Depth. Weight 
i X 1±= l'2lbs. 


cwtqr.lbe. 


cwtqr.lbe. 


»♦ 


6 


3 


1 14 


10 


2 


6 


3 


- 


X 1*= 1*4 


2 


1 2 


9 


6 
9 


% 


* 


\ X lj= 16 
X ll= 2-3 


2 11 

1 8 


1 9 
1 17 


4 


9 


4 


ft X 2 = 4-0 


12 


2 19 


5 


9 


4 


ft X 2 = 6-0 


2 


3 


6 


9 


4 




AX2j 


= 65 


2 2 


3 3 


7 


9 


4: 




A X 2 : 


■= 7-7 


3 12 


I 25 


8 


9 


4 




A X 2; 


= 8-2 


3 2 24 


1 2 2 


9 


9 


4 1 


■ 


A X 2 


= 10-4 


4 1 


1 2 18 


10 


9 


4, 


• 


A X 2 


r=ll-5 


4 3 14 


3 3 


12 


9 


4, 




A x 2| 


= 15-0 


6 2 


3 3 21 



Table IV.— Of the Proportions of Cast Iron Flange Pipes. 



Diameter of 
Pipe. 



Diameter of 
Flange. 



Thickness of 
Flange. 



No. of Bolts. 



of Bolts, 



Diameter 
of Circle 
of Bolts. 



ljin. 
2 

? 

4 

5 

6 

7 

8 

9 
10 
12 



? 

8 

4 

12 

121 

16 



in. 



t 
t 

1 
1 



fin. 
A 



A 

A 

A 

* 
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Table V. — Of Equivalent Pressures in Pounds per Square 
Inch, Feet of Water, and Inches of Mercury, at a Tem- 
perature of 62 Q Fah. 



Pounds per Square 


Feet of Water. 


Inches of Mercury. 


r 


2-311 


2-046 


2- 


4-622 


4-092 


3- 


6933 


6138 


4- 


9-244 


8-184 


6- 


11-555 


10-230 


6- 


13866 


12-276 


T 


16-177 


14322 


8- 


18-488 


16368 


9- 


20-800 


18-414 


•4327 


r 


•88533 


•8654 


2- 


1-77066 


1-2981 


3- 


2-65599 


1-7308 


4- 


3-54132 


21635 


5- 


4-42665 


25962 


6- 


5-31198 


3-0289 


7- 


619731 


3-4616 


8- 


7-08264 


3-8942 


9- 


' 796797 


•48875 


112952 


r 


•97750 


225904 


2- 


1-46625 


3-38856 


3- 


1-95500 


4-51808 


4- 


2-44375 


5-64760 


5- 


293250 


6-77712 


6- 


3-42125 


7-90664 


T 


3*91000 


9-03616 


8- 


4-39875 


10-16568 


9* , 



Example. — Required the Pressure per Square Inch, and 
Equivalent Column of Mercury for a Head of 247 feet of 
Water. 

lbs. per Inches of 

Square Inch. Mercury. 

= 86-54 or 177*066 

= 17308 „ 35-413 

= 3-029 „ 6-197 



= 106-877 



218-676 
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18 



20 



21 



24 



•204 16*56 

•40< 3312 

61? 49*68 

•81! 66-23 

1.02^82-80 

1-221 99-36 

1-4&15-9 

1-63(32-5 

1-84:49-0 

2-041 65*6 

2-25*821 

2*45' 98'7 

2-6M152 

2-96^ 31-8 

3-16J 48*4 

3-27164-9 

3-47! 81*5 

3-681980 

3-88(14-6 

4-09: 31-1 

4-50i64-3 

4-90197-4 

5-31130-5 

5-72! 63-6 

6-131 968 

' 6-54- 29'8 

6-95^63*0 

7-36196*1 

8-18! 62*3 



8-59 



95-4 



9-0128-5 
9-42(61-6 
9-81:94-8 



10-23 



27*9 



10-64 pro 
11-04 941 



Jl-45 
12-26 



27-2 
603 



12-27 93-6 



20-45 


22-53 


40-91 


45-07 


61-36 


67*61 


81-81 


9014 


102-3 


112-7 


122-7 


135-2 


143-2 


1577 


163-6 


180-3 


184-1 


202-8 


204-5 


225-3 


224-5 


247-9 


245*4 


270-4 


265-9 


2930 


286-4 


315-5 


306-8 


3380 


3272 


360-6 


347-7 


3831 


368-2 


405-6 


388-6 


428-2 


409-1 


450-7 


4990 


495-8 


490-9 


540*8 


531-8 


585-9 


572-7 


631-0 


613-6 


6750 


654-5 


7211 


695-4 


766-2 


736-3 


811-3 


818-1 


901-4 


859-0 


946-5 


898-0 


991-6 


938-9 


1037 


981-9 


1082 


1023 


1127 


1064 


1172 


1104 


1217 


1145 


1262 


1186 


1307 


1227 


1352 



29-45 
58-90 
88-35 
117*8 
1473 
176-7 
206-1 
2356 
265-1 
294-5 
3239 
354*4 
382-8 
4123 
441-7 
471-2 
500-6 
5301 
559-5 
5890 
647*9 
706-8 
765-7 
824*6 
883-5 
942-4 

1001 

1060 

1178 

1237 

1296 

1355 

1414 

1472 

1531 

1590 

1649 

1708 

1767 
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Yakd. 


Hydraulic 


4 


15 


18 


24 


36 


48 


60 


72 


















Radius In 


0227 


•1023 


•1228 


•1637 


•2455 


•3274 


•4092 


•4910 


Feet 




14-2 


95-2 


104 


120 


148 


170 


190 


209 


•1 


20-0 


134 


148 


170 


209 


240 


268 


295 


•2 


24-6 


165 


180 


209 


255 


295 


330 


360 


•3 


28-2 


190 


209 


240 


295 


340 


381 


418 


•4 


31-6 


213 


233 


269 


330 


381 


426 


467 


•5 


348 


233 


255 


294 


360 


418 


466 


511 


•6 


B7.4 


252 


273 


317 


390 


449 


504 


546 


•7 


40.0 


268 


295 


340 


418 


480 


536 


590 


•8 


42.6 


286 


313 


360 


443 


510 


571 


626 


•9 


44-6 


300 


333 


379 


467 


537 


600 


666 


10 


47-0 


316 


345 


398 


490 


564 


632 


690 


1-1 


49-4 


330 


360 


417 


511 


590 


660 


720 


1-2 


51-0 


343 


Sft 


422 


532 


612 


686 


750 


1-8 


53-0 


356 


390 


449 


546 


636 


712 


780 


1-4 


54-6 


368 


404 


464 


571 


658 


736 


808 


1-5 


56-6 


381 


418 


480 


590 


680 


761 


835 


1-6 


58-6 


393 


430 


494 


605 


701 


786 


861 


1-7 


30-0 


fc02 


442 


511 


626 


720 


804 


885 


1-8 


316 


H5 


455 


523 


643 


741 


830 


911 


1-9 


53-2 


126 


467 


538 


666 


762 


852 


934 


2-0 


56-0 


145 


488 


564 


690 


792 


890 


980 


2-2 


59-6 


t66 


511 


598 


720 


835 


932 


1021 


2-4 


'2-4 


fc85 


528 


614 


750 


866 


970 


1065 


2-6 


'4-6 


J04 


546 


634 


780 


898 


1008 


1105 


2-8 


'7-8 


521 


572 


658 
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CATALOGUE 

OP 

PRACTICAL AND SCIENTIFIC BOOKS, 

PUBLISHED BY 

HENRY CAREY BAIRD, 

INDUSTRIAL PUBLISHER, 

No. 408 W-A.Xj3KTT7T STREET, 

PHILADELPHIA. 



Any of the Books comprised in this Catalogue will be sent by mail,i 
free of postage, at the publication price. 

This Catalogue will be sent, free of postage, to any one who will 
furnish the publisher with his address. 



A RMENGAUD, AMOUROUX, AND JOHNSON.— THE PEACTICAL 
^ DRAUGHTSMAN'S BOOK OF INDUSTRIAL DESIGN, AND 
MACHINISTS AND ENGINEER'S DRAWING COMPANION: 
Forming a complete course of Mechanical Engineering and 
Architectural Drawing. From the French of M. Armengand 
the elder. Prof, of Design in the Conservatoire of Arts and 
Industry, Paris, and MM. Armengand the younger and Amou- 
ronx, Civil Engineers. Rewritten and arranged, with addi- 
tional matter and plates, selections from and examples of the 
most useful and generally employed mechanism of the day. 
By William Johnson, Assoc. Inst. C. E., Editor of "The 
Practical Mechanic's Journal." Illustrated by 50 folio steel 
plates and 50 wood-cuts. A new edition, 4 to. . $10 00 

ARROWSMITH.— PAPER-HANGER'S COMPANION: 

A Treatise in which the Practical Operations of the Trade are 
Systematically laid down: with Copious Directions Prepara- 
tory to Papering ; Preventives against the Effect of Damp on 
Walls; the Various Cements and Pastes adapted to the Seve- 
ral Purposes of the Trade ; Observations and Directions for 
the Panelling and Ornamenting of Rooms, &c. By James 
Akbowsmith, Author of "Analysis of Drapery," &c. 12mo., 
cloth * ... $1 25 
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■DAIRD.— THE AMERICAN COTTON SPINNER, AND MANA- 

■° GER'S AND CARDER'S GUIDE : 

A Practical Treatise on Cotton Spinning ; giving the Dimen- 
sions and Speed of Machinery, Draught and Twist Calcula- 
tions, etc. ; with notices of recent Improvements : together 
with Rules and Examples for making changes in the sizes and 
numbers of Roving and Yarn. Compiled from the papers of 
the late Robert H. Baibd. 12mo. . . . $1 50 

BAKER.— LONG-SPAN RAILWAY BRIDGES: 

Comprising Investigations of the Comparative Theoretical and 
Practical Advantages of the various Adopted or Proposed Type 
Systems of Construction; with numerous Formulae and Ta- 
bles. By B. Baker. 12mo $2 00 

"DAKEWELL.— A MANUAL OF ELECTRICITY— PRACTICAL AND 
•° THEORETICAL : 

By F. C. Bakewell, Inventor of the Copying Telegraph. Se- 
cond Edition. Revised and enlarged. Illustrated by nume- 
rous engravings. 12mo. Cloth . . . . $2 00 

"DEANS.— A TREATISE ON RAILROAD CURVES AND THE L0- 
•° CATION OF RAILROADS : 

By E. W. Beaks, C. E. 12mo. (In press.) 

TDLENKARN.— PRACTICAL SPECIFICATIONS OF WORKS EXE- 
*° CUTED IN ARCHITECTURE, CIVIL AND MECHANICAL 
ENGINEERING, AND IN ROAD MAKING AND SEWER- 
ING: 

To which are added a series of practically useful Agreements 
and Reports. By John Blenkabn. Illustrated by fifteen 
large folding plates. 8vo $9 00 

•DLINN.— A PRACTICAL WORKSHOP COMPANION FOR TIN, 
"° SHEET-IRON, AND COPPER-PLATE WORKERS : 

Containing Rules for Describing various kinds of Patterns 
used by Tin, Sheet-iron, and Copper-plate Workers ; Practical 
Geometry ; Mensuration of Surfaces and Solids ; Tables of the 
Weight of Metals, Lead Pipe, etc. ; Tables of Areas and Cir- 
cumferences of Circles ; Japans, Varnishes, Lackers, Cements, 
Compositions, etc. etc. By Leboy J. Blinn, Master Me- 
chanic. With over One Hundred Illustrations. 12mo. $2 50 



Digitized by 



Google 
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BOOTH.— MARBLE WORKER'S MANUAL : 

Containing Practical Information respecting Marbles in gene- 
ral, their 'Cutting, Working, and Polishing; Veneering of 
Marble ; Mosaics ; Composition and Use of Artificial Marble, 
Stucoos, Cements, Receipts, Secrets, etc. etc. Translated 
from the French by M. L. Booth. With an Appendix con- 
cerning American Marbles. 12mo., cloth . • $1 50 

"DOOTH AND MORFIT.— THE ENCYCLOPEDIA OF CHEMISTRY, 
° PRACTICAL AND THEORETICAL : 

Embracing its application to the Arts, Metallurgy, Mineralogy, 
Geology, Medicine, and Pharmacy. By James C. Booth, 
Melter and Refiner in the United States Mint, Professor of 
Applied Chemistry in the Franklin Institute, etc., assisted by 
Campbell Morfit, author of "Chemical Manipulations," etc. 
Seventh edition. Complete in one volume, royal 8vo., 978 
pages, with numerous wood-cuts and other illustrations. $5 00 

TDOWDITCH.— ANALYSIS, TECHNICAL VALUATION, PURIFI- 

D CATION, AND USE OF COAL GAS: 

By Rev. W. R. Bowditch. Illustrated with wood engrav- 
ings. 8vo $6 50 

BOX.— PRACTICAL HYDRAULICS: 

A Series cf Rules and Tables for the use of Engineers, etc. 
By Thomas Box. 12mo $2 00 

•puCKMASTER.— THE ELEMENTS OF MECHANICAL PHYSICS : 
By J. C. Buckmaster, late Student in the Government School 
of Mines ; Certified Teacher of Science by the Department of 
Science and Art ; Examiner in Chemistry and Physics in the 
Royal College of Preceptors; and late Lecturer in Chemistry 
and Physics of the Royal Polytechnic Institute. Illustrated 
with numerous engravings. In one vol. 12mo. . $2 00 

BULLOCK.— THE AMERICAN COTTAGE BUILDER : 

A Series of Designs, Plans, and Specifications, from $200 to 
to $20,000 for Homes for the People ; together with Warm- 
ing, Ventilation, Drainage, Painting, and Landscape Garden- 
ing. By John Bullock, Architect, Civil Engineer, Mechani- 
cian, and Editor of "The Rudiments of Architecture and 
Building," etc. Illustrated by 75 engravings. In one vol. 
8vo "$3 50 
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iULLOCK. — THE Rin>IM£NTS OF ARCHITECTURE AND 
BUILDING: 

For the use of Architects, Builders, Draughtsmen, Machin- 
ists, Engineers, and Mechanics. Edited by John Bullock, 
author of " The American Cottage Builder." Illustrated by 
250 engravings. In one volume 8vo. . . . $3 60 

•pUBGH.— PRACTICAL ILLUSTRATIONS OF LAND AND MA- 

"^ RINE ENGINES : 

Showing in detail the Modern Improvements of High and Low 
Pressure, Surface Condensation, and Super-heating, together 
with Land and Marine Boilers. By N. P. Burgh, Engineer. 
Illustrated by twenty plates, double elephant folio, with text. 

$21 00 

-DTTRGH.— PRACTICAL RULES FOB THE PROPORTIONS OF 

° MODERN ENGINES AND BOILERS FOR LAND AND MA- 
RINE PURPOSES. 
By N. P. Burgh, Engineer. 12mo. . . . $2 00 

•DURGH.— THE SLIDE-VALVE PRACTICALLY CONSIDERED: 

•^ By N. P. Burgh, author of " A Treatise on Sugar Machinery," 
" Practical Illustrations of Land and Marine Engines," " A 
Pocket-Book of Practical Rules for Designing Land and Ma- 
rine Engines, Boilers," etc. etc. etc. Completely illustrated. 
12mo " . . . . $2 00 

"DYRN.— THE COMPLETE PRACTICAL BREWER : 

Or, Plain, Accurate, and Thorough Instructions in the Art of 
Brewing Beer, Ale, Porter, including the Process of making 
Bavarian Beer, all the Small Beers, such as Root-beer, Ginger- 
pop, Sarsaparilla-beer, Mead, Spruce beer, etc. etc. Adapted 
to the use of Public Brewers and Private Families. By M. La 
Fayette Byrn, M. D. With illustrations. 12mo. $1 25 

■DYRN.— THE COMPLETE PRACTICAL DISTILLER: 

Comprising the most perfect and exact Theoretical and Prac- 
tical Description of the Art of Distillation and Rectification ; 
including all of the most recent improvements in distilling 
apparatus ; instructions for preparing spirits from the nume- 
rous vegetables, fruits, etc. ; directions for the distillation and 
preparation of all kinds of brandies and other spirits, spiritu- 
ous and other compounds, etc. etc. ; all of which is so simpli- 
fied that it is adapted not only to the use of extensive distil- 
lers, but for every farmer, or others who may wish to engage 
in the art of distilling. By M. La Fayette Byrn, M. D. 
With numerous engravings. In one volume, 12mo. $1 50 i 
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BYRNE.— POCKET BOOK FOB RAILROAD AND CIVIL ENGI- 

*° NEERS: 

Containing New, Exact, and Concise Methods for Laying out 
Railroad Curves, Switches, Frog Angles and Crossings; the 
Staking out of work; Levelling; the Calculation of Cut- 
tings ; Embankments ; Earth-work, etc. By Oliver Byrne. 
Illustrated, 18mo $1 25 

BYRNE.— THE HANDBOOK FOB THE ARTISAN, MECHANIC, 
AND ENGINEER : 

By Oliver Byrne. Illustrated by 11 large plates and 185 
Wood Engravings. 8vo $5 00 

"DYBNE.— THE ESSENTIAL ELEMENTS OF PRACTICAL ME- 
^ CHANICS: 

For Engineering Students, based on the Principle of Work. 
By Oliver Byrne. Illustrated by Numerous Wood Engrav- 
ings, 12mo $3 63 

BYRNE.— THE PRACTICAL METAL-WORKER'S ASSISTANT: 
Comprising Metallurgio Chemistry ; the Arts of Working all 
Metals and Alloys ; Forging of Iron and Steel ; Hardening and 
Tempering; Melting and Mixing; Casting and Founding; 
Works in Sheet Metal; the Processes Dependent on the 
Ductility of the Metals ; Soldering ; and the most Improved 
Processes and Tools employed by Metal- Workers. With the 
Application of the Art of Electro-Metallurgy to Manufactu- 
ring Processes ; collected from Original Sources, and from the 
Works of Holtzapffel, Bergeron, Leupold, Plumier, Napier, and 
others. By Oliver Byrne. A New, Revised, and improved 
Edition, with Additions by John Scoffern, M. B , William Clay, 
Wm. Fairbairn, F. R. S., and James Napier. With Five Hun- 
dred and Ninety-two Engravings ; Illustrating every Branch 
of the Subject. In one volume, 8vo. 652 pages . $7 00 

TDYBN^.— THE PRACTICAL CALCULATOR : , 

For the Engineer, Mechanic, Manufacturer of Engine Work, 
Naval Architect, Miner, and Millwright. By Oliver Byrne. 
1 volume, 8vo., nearly 600 pages . . . . $4 50 

CABINET MAKER'S ALBUM OF FURNITURE : 

Comprising a Collection of Designs for the Newest and Most 
Elegant Styles of Furniture. Illustrated by Forty eight Large 
and Beautifully Engraved Plates. In one volume, oblong 

S& 00 
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pALVEET.— LECTURES ON GOAL-TAR COLORS, AND ON RE- 
U CENT IMPROVEMENTS AND PROGRESS IN DYEING AND 
CALICO PRINTING: 

Embodying Copious Notes taken at the last London Interna- 
tional Exhibition, and Illustrated with Numerous Patterns of 
Aniline and other Colors, By F. Grace Calvert, F. R. S.# 
F. C. S., Professor of Chemistry at the Royaflnstitution, Man- 
chester, Corresponding Member of the Royal Academies of 
Turin and Rouen ; of the Pharmaceutical Society of Paris ; 
Socigte Industrielle de Mulhouse, etc. In one volume, 8vo., 
cloth $1 50 

pAMPIN.— A PRACTICAL TREATISE ON MECHANICAL EN- 
U GINEERING: 

Comprising Metallurgy, Moulding, Casting, Forging, Tools, 
Workshop Machinery, Mechanical Manipulation, Manufacture 
of Steam-engines, etc. etc. With an Appendix on the Ana- 
lysis of Iron and Iron Ores. By Francis Campin, C. E. To 
-which are added, Observations on the Construction of Steam 
Boilers, and Remarks upon Furnaces used for Smoke Preven- 
tion ; with a Chapter on Explosions. By R. Armstrong, C. E., 
and John Bourne. Rules for Calculating the Change Wheels 
for Screws on a Turning Lathe, and for a Wheel-cutting 
Machine. By J. La Nicca. Management of Steel, including 
Forging, Hardening, Tempering, Annealing, Shrinking, and 
Expansion. And the Case-hardening of Iron. By G. Edk. 
8vo. Illustrated with 29 plates and 100 wood engravings. 

$6 00 

pAMPIN.— THE PRACTICE OF HAND-TURNING IN WOOD, 

U IVORY, SHELL, ETC. : 

With Instructions for Turning such works in Metal as may be 
required in the Practice of Turning Wood, Ivory, etc. Also, 
an Appendix on Ornamental Turning. By Francis Campin ; 
with Numerous Illustrations, 12mo., cloth . . $3 00 

pAPRON DE DOLE.— DUSSAUCE.— BLUES AND CARMINES OF 
U INDIGO. 

A Practical Treatise on the Fabrication of every Commercial 
Product derived from Indigo. By Felicien Capron de Dole. 
Translated, with important additions, by Professor H. Dus- 
sauce. 12mo $2 50 
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nAEEY.— THE WORKS OF HENRY C. CAREY: 

CONTRACTION OR EXPANSION? REPUDIATION OR RE- 
SUMPTION? Letters to Hon. Hugh McCulloch. 8vo. 38 

FINANCIAL CRISES, their Causes an<| Effects. 8vo. paper 

25 

HARMONY OF INTERESTS; Agricultural, Manufacturing, 

and Commercial. 8vo., fcaper $1 00 

Do. do. cloth . . . $1 60 

LETTERS TO THE PRESIDENT OF THE UNITED STATES. 
Paper 76 

MANUAL OF SOCIAL SCIENCE. Condensed from Carey's 
" Principles of Social Science." By Kate McKeax. 1 vol. 
12mo $2 26 

MISCELLANEOUS WORKS: comprising "Harmony of Inter- 
ests," •/ Money," "Letters to the President," "French and 
American Tariffs," "Financial Crises," "The Way to Outdo 
England without Fighting Her," "Resources of the Union," 
"the Public Debt," "Contraction or Expansion," "Review 
of the Decade 1857— '67," "Reconstruction," etc. etc. 1 vol. 
8vo., cloth ........ $4 60 

MONEY: A LECTURE before the N. Y. Geographical and Sta- 
tistical Society. Bvo., paper 26 

PAST, PRESENT, AND FUTURE. 8vo. . . . $2 60 

PRINCIPLES OF SOCIAL SCIENCE. 3 volumes 8vo., cloth 

$10 00 

REVIEW OF THE DECADE 1857— '67. 8vo., paper 38 

RECONSTRUCTION: INDUSTRIAL, FINANCIAL, AND PO- 
LITICAL. Letters to the Hon. Henry Wilson, U. S. S. 8vo. 
paper . 38 

THE PUBLIC DEBT, LOCAL AND NATIONAL. How to 
provide for its discharge while lessening the burden of Taxa- 
tion. Letter to David A. Wells, Esq., U. S. Revenue Commis- 
sion. 8vo., paper ....... 25 

THE RESOURCES OF THE UNION. A Lecture read, Dec. 
1865, before the American Geographical and Statistical So- 
ciety, N. Y., and before the American Association for the Ad- 
vancement of Social Science, Boston ... 25 

THE SLAVE TRADE, DOMESTIC AND FOREIGN; Why it 
Exists, and How it may be Extinguished. 12mo., cloth $1 50 
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THE WAY TO OUTDO ENGLAND WITHOUT FIGHTING 
HER. Letters to the Hon. Schuyler Colfax, Speaker of the 
House of Representatives United States, on "The Paper Ques- 
tion," "The Farmer's Question," "The Iron Question," "The 
Railroad Question," and "The Currency Question." 8vo., 
paper 75 

flHEVALIER.— THE PHOTOGRAPHIC STUDENT. 

A Complete Treatise on the Theory and Practice of Photo- 
graphy. Translated from the French of A. Chevalier. Il- 
lustrated by numerous engravings. (In press.) 

pLOUGH.— THE CONTRACTOR'S MANUAL AND BUILDER'S 

U PRICE-BOOK: 

Designed to elucidate the method of ascertaining, correctly, 
the value and Quantity of every description of Work and Ma- 
terials used in the Art of Building, from their Prime Cost in 
any part of the United States, collected from extensive expe- 
rience and observation in Building and Designing ; to which 
are added a large variety of Tables, Memoranda, etc., indis- 
pensable to all engaged or concerned in erecting buildings of 
any kind. By A. B. Clough, Architect, 24mo., cloth 75 

QOLBURN.— THE GAS-WORKS OF LONDON: 

Comprising a sketch of the Gas-works of the city, Process of 
Manufacture, Quantity Produced, Cost, Profit, etc. By Zebah 
Colbubn. 8vo., cloth 75 

pOLBURN.— THE LOCOMOTIVE ENGINE: 

Including a Description of its Structure, Rules for Estimat- 
ing its Capabilities, and Practical Observations on its Construc- 
tion and Management. By Zebah Colbubn. Illustrated. A 
new edition. 12mo. $1 ,25 

nOLBURN AND MAW.— THE WATER-WORKS OF LONDON: 
Together with a Series of Articles on various other Water- 
works. By Zebah Colbubn and W. Maw. Reprinted from 
" Engineering." In one volume, 8vo. . . $4 00 

T\AGUERREOTYPIST AND PHOTOGRAPHER'S COMPANION: 

U 12mo., cloth $1 25 

T)AVIS.— A TREATISE ON HARNESS, SADDLES, AND BRI- 
V DLES: 

Their History and Manufacture from the Earliest Times down 
to the Present Period. By A. Davis, Practical Saddler and 
Harness Maker. (In press.) 
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7YESS0YE.— STEEL, ITS MANUFACTURE, PROPERTIES, AND 

** USE. 

By J. B. J. Dessoye, Manufacturer of Steel ; with an Intro- 
duction and Notes by Ed. Graten, Engineer of Mines. 
Translated from the French. In one volume, 12mo. (In press.) 

TpLCXS.— PERPETUAL MOTION : 

^ Or Search for Self-Motive Power during the 17th, 18th, and 
19th centuries. Illustrated from various authentic sources in 
Papers, Essays, Letters, Paragraphs, and numerous Patent 
Specifications, with an Introductory Essay by Henry Dircks, 
G. E. Illustrated by numerous engravings of machines. 
12mo., cloth $3 60 

TJIXON.— THE PRACTICAL MILLWRIGHTS AND ENGINEER'S 
U GUIDE: 

Or Tables for Finding the Diameter and Power of Cogwheels ; 
Diameter, Weight, and Power of Shafts ; Diameter and Strength 
of Bolts, etc. etc. By Thomas Dixon. 12mo., cloth. $1 50 

"nUNCAN.— PRACTICAL SURVEYOR'S GUIDE: 

Containing the necessary information to make any person, of 
common capacity, a finished land surveyor without the aid of 
a teacher. By Andrew Duncan. Illustrated. 12mo., cloth. 

$1 25 
"nUSSAUCE.— A NEW AND COMPLETE TREATISE ON THE 
U ARTS OF TANNING, CURRYING, AND LEATHER DRESS- 
ING: 

Comprising all the Discoveries and Improvements made in 
France, Great Britain, and the United States. Edited from 
Notes and Documents of Messrs. Sallerou, Grouvelle, Duval, 
Dessables, Labarraque, Payen, Rene", De Fontenelle, ' Mala- 
peyre, etc. etc. By Prof. H. Dussauoe, Chemist. Illustrated 
by 212 wood engravings. 8vo $10 00 

,USSAUCE.— A GENERAL TREATISE ON THE MANUFACTURE 
OF EVERY DESCRIPTION OF SOAP: 

Comprising the Chemistry of the Art, with Remarks on Alka- 
lies, Saponifiable Fatty Bodies, the apparatus necessary in a 
Soap Factory, Practical Instructions on the manufacture of 
the various kinds of Soap, the assay of Soaps, etc. etc. Edited 
from notes of Larme, Fontenelle, Malapeyre, Dufour, and 
others, with large and important additions by Professor H. 
Dussaucb, Chemist. Illustrated. In one volume, 8vo. (In 
press.) 
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"nUSSAUCE.— A PRACTICAL GUIDE FOR THE PERFUMER: 

Being a New Treatise on Perfumery the most favorable to the 
Beauty without being injurious to the Health, comprising a 
Description of the substances used in Perfumery, the Form- 
ulae of more than one thousand Preparations, such as Cosme- 
tics, Perfumed Oils, Tooth Powders, Waters, Extracts, Tinc- 
tures, Infusions, Vinaigres, Essential Oils, Pastels, Creams, 
Soaps, and many new Hygienic Products not hitherto described. 
Edited from Notes and Documents of Messrs. Debay, Lunel, 
etc. With additions by Professor H. Dttssauoe, Chemist. (In * 
press, shortly to be issued.) 

TIUSSAUCE.— PRACTICAL TREATISE ON THE FABRICATION 

U OF MATCHES, GUN COTTON, AND FULMINATING POW- 
DERS. 
By Professor H. Dussauob. 12mo. . . . $3 00 

TJUSSAUCE.— TREATISE ON THE COLORING MATTERS DE- 

U RIVED FROM COAL TAR : 

Their Practical Application in Dyeing Cotton, Wool, and Silk; 
the Principles of the Art of Dyeing and of the Distillation of 
Coal Tar, with a Description of the most Important New Dyes 
now in use. By Prof. H. Dussauce. 12mo. . $3 00 

TITER AND COLOR-MAKER'S COMPANION : 

Containing upwards of two hundred Receipts for making Co- 
lors, on the most approved principles, for all the various styles 
and fabrics now in existence ; with the Scouring Process, and 
plain Directions for Preparing, Washing-off, and Finishingthe 
Goods. In one vol. 12mo $1 25 

T7ASTON.— A PRACTICAL TREATISE ON STREET OR HORSE- 

"" POWER RAILWATS : 

Their Location, Construction, and Management ; with General 
Plans and Rules for their Organization and Operation ; toge- 
ther with Examinations as to their Comparative Advantages 
over the Omnibus System, and Inquiries as to their Value for 
Investment ; including Copies of Municipal Ordinances relat- 
ing thereto. By Alexander Easton, C. E. Illustrated by 23 
plates, 8vo., cloth . . . . . . . $2 00 

T7RNI— COAL OIL AND PETROLEUM : 

Their Origin, History, Geology, and Chemistry; with a view of 
their importance in their bearing on National Industry. By 
Dr. Henri Erni, Chief Chemist, Department of Agriculture. 
12mo, , $2 60 



Digitized by 



Google 



HENRY CAREY BAIRD'S CATALOGUE. 11 

TJRNL— THE THEORETICAL AND PEACTICAL CHEMISTRY OF 

•" FERMENTATION: 

Comprising the Chemistry of Wine, Beer, Distilling of Liquors; 
with the Practical Methods of their Chemical Examination, 
Preservation, and Improvement — such as Gallizing of Wines. 
With an Appendix, containing well-tested Practical Rules and 
Receipts for the manufacture, etc., of all kinds of Alcoholic 
Liquors. By Henry Erni, Chief Chemist, Department of 
Agriculture. (In press.) 

T?AIRBAIRN.— THE PRINCIPLES OF MECHANISM AND MA- 
X CHINERY OF TRANSMISSION : 

Comprising the Principles of Mechanism, Wheels, and Pulleys, 
Strength and Proportions of Shafts, Couplings of Shafts, and 
Engaging and Disengaging Gear. By William Fairbairn, 
Esq., C. E., LL. D., F. R. S., F. G. S., Corresponding Member 
of the National Institute of France, and of the Royal Academy 
of Turin ; Chevalier of the Legion of Honor, etc. etc. Beau- 
tifully illustrated by over 150 wood-cuts. In one volume 12mo. 

$2 50 
pAIRBAIRN.— PRIME-MOVERS : 

Comprising the Accumulation of Water-power ; the Construc- 
tion of Water-wheels and Turbines; the Properties of Steam; 
the Varieties of Steam-engines and Boilers and Wind-mills. 
By William Fairbairn, C. E , LL. D., F. R. S., F. G. S. Au- 
thor of "Principles of Mechanism and the Machinery of Trans- 
mission." With Numerous Illustrations. In one volume. (In 
press.) 

T7LAMM.— A PRACTICAL GUIDE TO THE CONSTRUCTION 07 
± ECONOMICAL HEATING APPLICATIONS FOR SOLID AND 
GASEOUS FUELS: 

With the Application of Concentrated Heat, and on Waste 
Heat, for the Use of Engineers, Architects, Stove and Furnace 
Makers, Manufacturers of Fire Brick, Zinc, Porcelain, Glass, 
Earthenware, Steel, Chemical Products, Sugar Refiners, Me- 
tallurgists, and all others employing Heat. By M. Pierre 
Flamm, Manufacturer. Illustrated. Translated from the 
French. One volume, 12mo. (In press.) 

niLBART.— A PRACTICAL TREATISE ON BANKING: 
" By Jambs William Gilbart. To which is added: Thb Na- 
tional Bank Act as now (1868) in force. 8vo. $4 50 
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HOTHIC ALBUM FOB CABINET MAKERS : 

Comprising a Collection of Designs for Gothic Furniture. Il- 
lustrated by twenty-three large and beautifully engraved 
plates. Oblong $3 00 

flBANT.— BEET-BOOT SUGAB AND CULTIVATION OF TEE 
BEET: 
By E. B. Grant. 12mo $1 25 

HREGORY.— MATHEMATICS FOB PRACTICAL MEN : 

Adapted to the Pursuits of Surveyors, Architects, Mechanics, 
and Civil Engineers. By Olinthus Gregory. 8vo., plates, 
cloth $8 00 

QRISWOLD.— RAILROAD ENGINEER'S POCKET COMPANION. 

Comprising Rules for Calculating Deflection Distances and 
Angles, Tangential Distances and Angles, and all Necessary 
Tables for Engineers ; also the art of Levelling from Prelimi- 
nary Survey to the Construction of Railroads, intended Ex- 
pressly for the Young Engineer, together with Numerous Valu- 
able Rules and Examples. By W. Gbiswold. 12mo., tucks. 

$1 25 
QUETTIEB.— METALLIC ALLOYS : 

Being a Practical Guide to their Chemical and Physical Pro- 
perties, their Preparation, Composition, and Uses. Translated 
from the French of A. Gubttier, Engineer and Director of 
Founderies, author of " La Fouderie en France," etc. etc. By 
A. A. Fesquet, Chemist and Engineer. In one volume, 12mo. 
(In press, shortly to be published.) 

TJATS AND FELTING: *' 

A Practical Treatise on their Manufacture. By a Practical 
Hatter. Illustrated by Drawings of Machinery, &c, 8vo. 

TTAY.— THE INTEBIOB DECORATOR: 

The Laws of Harmonious Coloring adapted to Interior Decora- 
tions : with a Practical Treatise on House-Painting. By D. 
R. Hat, House-Painter and Decorator. Illustrated by a Dia- 
gram of the Primary, Secondary, and Tertiary Colors. 12mo. 

$2 25 

TTUGHES.— AMEBICAN MILLER AND MILLWRIGHTS AS- 

11 SISTANT: 

By Wm. Carter Hughes. A new edition. In one volume, 
12mo .... $1 60 
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TTUirr.— THE PRACTICE OF PHOTOGRAPHY. 

By Robert Hunt, Vice-President of the Photographic Society, 
London, with numerous illustrations. 12 mo., cloth . 75 

TTURST.— A HAND-BOOK FOB ARCHITECTURAL SURVEYORS : 

Comprising Formulae useful in Designing Builder's work, Table 
of Weights, of the materials used in Building, Memoranda 
connected with Builders' work, Mensuration, the Practice of 
Builders' Measurement, Contracts of Labor, Valuation of Pro- , 
perty, Summary of the Practice in Dilapidation, etc. etc. By 
J. F. Huest, C. E. 2d edition, pocket-book form, full bound 

$2 50 
JERVIS.— RAILWAY PROPERS: 

A Treatise on the Construction and Management of Railways ; 
designed to afford useful knowledge, in the popular style, to the 
holders of this class of property ; as well as Railway Mana- 
gers, Officers, and Agents. By John B. Jervts, late Chief 
Engineer of the Hudson River Railroad, Croton Aqueduct, &c. 
One voL 12mo., cloth $2 00 

JOHNSON.— A REPORT TO THE NAVY DEPARTMENT OF THE 
U UNITED STATES ON AMERICAN COALS: 

Applicable to Steam Navigation and to other purposes. By 
Walter R. Johnson. With numerous illustrations. 607 pp. 
8vo., half morocco $6 00 

JOHNSON.— THE COAL TRADE OF BRITISH AMERICA: 

With Researches on the Characters and Practical Values of 
American and Foreign Coals. By Walter R. Johnson, Civil 
and Mining Engineer and Chemist. 8vo. . . • $2 00 

JOHNSTON.— INSTRUCTIONS FOR THE ANALYSIS OF SOILS, 
U LIMESTONES, AND MANURES. 

By J. W. F. Johnston. 12mo 38 

E.— A HAND-BOOK OF PRACTICAL GAUGING, 

For the Use of Beginners, to which is added A Chapter on Dis- 
tillation, describing the process in operation at the Custom 
House for ascertaining the strength of wines. By James B. 
Kbenb", of H. M. Customs. 8vo $1 25 

JTENTISH.— A TREATISE ON A BOX OF INSTRUMENTS, 
■^ And the Slide Rule ; with the Theory of Trigonometry and Lo- 
garithms, including Practical Geometry, Surveying, Measur- 
ing of Timber, Cask and Malt Gauging, Heights, and Distances. 
By Thomas Kentish. In one volume. 12mo. $1 25 
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TTOBELL.— ERNL— MINERALOGY SIMPLIFIED: 

A short method of Determining and Classifying Minerals, by 
means of simple Chemical Experiments in the Wet Way. 
Translated from the last German Edition of F. Von Kobell, 
with an Introduction to Blowpipe Analysis and other addi- 
tions. By Henri Ebni, M. D., Chief Chemist, Department of 
Agriculture, author of "Coal Oil and Petroleum." In one 
volume, 12mo $2 50 

TAFFINEUR.— A PRACTICAL GUIDE TO HYDRAULICS FOB 

JJ town Aim country; 

Or a Complete Treatise on the Building of Conduits for Water 
* for Cities, Towns, Farms, Country Residences, Workshops, etc. 
Comprising the means necessary for obtaining at all times 
abundant supplies of Drinkable Water. Translated from 
the French of M. Jules Lajfineur, C. E. Illustrated. (In 
press.) 

T AFFINEUR.— A TREATISE ON THE CONSTRUCTION OF WA- 
Jj ' TER- WHEELS : 

Containing the various Systems in use with Practical Informa- 
tion on the Dimensions necessary for Shafts, Journals, Arms, 
etc., of Water-wheels, etc. etc. Translated from the French 
of M. Jules Laffixeub, C. E. Illustrated by numerous 
plates. (In press.) 

TANDRIN.— A TREATISE ON STEEL: 

Comprising the Theory, Metallurgy, Practical Working, Pro- 
perties, and Use. Translated from the French of H. C. Lak- 
drin, Jr., C. E. By A. A. Fesquet, Chemist and Engineer. 
Illustrated. 12mo. (In press.) 

T ARE3N.— THE PRACTICAL BRASS AND IRON FOUNDER'S 

Jj GUIDE: 

A Concise Treatise on Brass Founding, Moulding, the Metals 
and their Alloys, etc. ; to which are added Recent Improve- 
ments in the Manufacture of Iron, Steel by the Bessemer Pro- 
cess, etc. etc. By James Labkin, late Conductor of the Brass 
Foundry Department in Reany, Neafie & Co.'s Penn Works, 
Philadelphia. Fifth edition, revised, with Extensive addi- 
tions. In one volume, 12mo $2 2$ 
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TEAVITT.— FACTS ABOUT PEAT AS AH AMICUS OF FUEL: 

With Remarks upon its Origin and Composition, the Localities 
in which it is found, the Methods of Preparation and Manu- 
facture, and the various Uses to which it is applicable ; toge- 
ther with many other matters of Practical and Scientific Inte- 
rest. To which is added a chapter on the Utilization of Coal 
Dust with Peat for the Production of an Excellent Fuel at 
Moderate Cost, especially adapted for Steam Service. By H. 
T. Leavitt. Third edition. 12mo. . . . $1 75 

TEROUX.— A PRACTICAL TREATISE OK WOOLS AND WOR- 

JJ STED3 : 

Translated from the French of Charles Leboux, Mechanical 
Engineer, and Superintendent of a Spinning Mill. Illustrated 
by 12 large plates and 34 engravings. In one volume 8vo. 
(In press, shortly to be published.) 

TESLIE (MISS).— COMPLETE COOKERY: 

Directions for Cookery in its Various Branches. By Miss 
Leslie. 58th thousand. Thoroughly revised, with the addi- 
tion of New Receipts. In 1 vol. 12mo., cloth . . $1 25 

T ESLIE (MISS). LADIES' HOUSE BOOK : 

a Manual of Domestic Economy. 20th revised edition.' 12mo., 
cloth $1 25 

TESLIE (MISS).— TWO HUJNJJRED RECEIPTS IN FRENCH 

JJ COOKERY. 

12mo 50 

T LEBER.— ASSAYER'S GUIDE : 

Or, Practical Directions to Assayers, Miners, and Smelters, for 
the Tests and Assays, by Heat and by Wet Processes, for the 
Ores of all the principal Metals, of Gold and Silver Coins and 
Alloys, and of Coal, etc. By Oscar M. Lubber. 12mo., cloth 

$1 25 

T VE.— THE ART OF DYEING, CLEANING, SCOURING, AND 

JJ FINISHING: 

On the most approved English and French methods; being 
Practical Instructions in Dyeing Silks, Woollens, and Cottons, 
Feathers, Chips, Straw, etc.; Scouring and Cleaning Bed and 
Window Curtains, Carpets, Rugs, etc.; French and English 
Cleaning, any Color or Fabric of Silk, Satin, or Damask. By 
Thomas Love, a Working Dyer and Scourer. In 1 vol. 12mo. 

$3 00 
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TV/TUN AND BROWN.— QUESTIONS ON SUBJECTS CONNECTED 

m WITH THE MAEINE STEAM -ENGINE : 

And Examination Papers ; with Hints for their Solution. By 
Thomas J. Main, Professor of Mathematics, Royal Naval Col- 
lege, and Thomas Brown, Chief Engineer, R. N. 12mo., cloth 

$1 50 

MAIN AND BROWN.— THE INDICATOR AND DYNAMOMETER: 

"^ With their Practical Applications to the Steam-Engine. By 
Thomas J. Main, M. A. F. R., Ass't Prof. Royal Naval College, 
Portsmouth, and Thomas Brown, Assoc. Inst. C. E., Chief En- 
gineer, R. N., attached to the R. N. College. Illustrated. 
From the Fourth -London Edition. 8vo. . . . $1 50 
' iy[AIN AND BROWN.— THE MARINE STEAM-ENGINE. 

By Thomas J. Main, F. R. Ass't S. Mathematical Professor at 
Royal Naval College, and Thomas Brown, Assoc. Inst. C. E. 
Chief Engineer, R. N. Attached to the Royal Naval College. 
Authors of " Questions connected with the Marine Steam-En- 
gine," and the " Indicator and Dynamometer." With nume- 
rous Illustrations. In one volume, 8vo. . . . $5 00 
AKINS.— A MANUAL OF METALLURGY: 
More particularly of the Precious Metals: including the Meth- 
ods of Assaying them. Illustrated hy upwards of 50 Engrav- 
ings. By George Hogarth Makins, M. R. C. S., F. C. S., one 
of the Assayers to the Bank of England, Assayer to the Anglo- 
Mexican Mints, and Lecturer upon Metallurgy at the Dental 
Hospital, London. In one volume, 12mo. . . $3 50 

TUTARTIN — SCREW-CUTTING TABLES, FOR THE USE OF ME- 
m CHANICAL ENGINEERS: 

Showing the Proper Arrangement of Wheels for Cutting the 
Threads of Screws of any required Pitch ; with a Table for 
Making the Universal Gas-Pipe Thread and Taps. By W. A. 
Martin, Engineer. 8vo. 50 

TUTILES.— A PLAIN TREATISE ON HORSE-SHOEING. 

**■"■ With illustrations. By William Miles, author of "The 
Horse's Foot," $1 00 

TUTDLESWORTH. POCKET-BOOK OF USEFUL FORMULA AND 

iYL MEMORANDA FOR CIVIL AND MECHANICAL ENGI- 
NEERS. 

By Guilford L. Molesworth, Member of the Institution of 
Civil Engineers, Chief Resident Engineer of the Ceylon Rail- 
way. Second American, from the Tenth London Edition. In 
one volume, full bound in pocket-book form . . $2 00 
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TUTOORE.— THE INVENTOR'S GUIDE: 

Patent Office and Patent Laws ; or, a Guide to Inventors, and 
a Book of Reference for Judges, Lawyers, Magistrates, and 
others. By J. G. Moore. 12mo., cloth . , $1 25 

TUTOREAU.— PRACTICAL GUIDE FOR THE JEWELLER, 

In the Application of Harmony of Colors in the Arrangement 
of Precious Stones, Gold, etc., from the French of M. L. Mo- 
re au, Jeweller and Designer. Illustrated. (In press.) 

JTAPIER.— CHEMISTRY APPLIED TO DYEING. 

By James Napier, F. C. S. A new and revised edition, 
brought down to the present condition of the Art. Illustrated. 
(In press.) 

"fJAPIER.— A MANUAL OF DYEING RECEIPTS FOR GENERAL 

■** USE. 

By James Napier, F. C. 8. With Numerous Patterns of Dyed 
Cloth and Silk. Second edition, revised and enlarged. 12mo. 

$3 75 

JTAPIER.— MANUAL OF ELECTRO-METALLURGY: 

Including the Application of the Art to Manufacturing Pro- 
cesses. By James Napier, Fourth American, from the 
Fourth London edition, revised and enlarged. Illustrated by 
engravings. In one volume, 8vo $2 00 

JTEWBERY. — GLEANINGS FROM ORNAMENTAL ART OF 
* EVERY STYLE; 

Drawn from Examples in the British, South Kensington, In- 
dian, Crystal Palace, and other Museums, the Exhibitions of 
1851 and 1862, and the best English and Foreign works. In 
a series of one hundred exquisitely drawn Plates, containing 
many hundred examples. By Robert Newrert. 4to. $15 00 

JTICHOLSON.— A MANUAL OF THE ART OF BOOK-BINDING: 

Containing full instructions in the different Branches of For- 
warding, Gilding, and Finishing. Also, the Art of Marbling 
Book-edges and Paper. By James B. Nicholson. Illus- 
trated. 12mo., cloth $2 26 

XTORRIS.— A HAND-BOOK FOR LOCOMOTIVE ENGINEERS AND 
** MACHINISTS: 

Comprising the Proportions and Calculations for Constructing 
Locomotives ; Manner of Setting Valves ; Tables of Squares, 
Cubes, Areas, etc. etc. By Septimus Norris, Civil and Me- 
chanical Engineer. New edition. Illustrated, 12mo., cloth 

$2 00 
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|TYSTROM.— ON TECHNOLOGICAL EDUCATION AND THE 

11 CONSTRUCTION OF. SHIPS AND SCREW PROPELLERS : 
For Naval and Marine Engineers. By John W. Nystrom, late 
Acting Chief Engineer U. S. N. Second edition, revised with 
additional matter. Illustrated by seven engravings. 12mo. 

$2 50 

(YNEILL.— CHEMISTRY OF CALICO PRINTING, DYEING, AND 

u BLEACHING: 

Including Silken, Woollen, and Mixed Goods ; Practical and 
Theoretical By Charles O'Neill. (In press.) 

(YNEILL — A DICTIONARY OF CALICO PRINTING AND DYE- 

U ING: 

Containing a Brief Account of all the Substances and Processes 
in Use in the Arts of Printing and Dyeing Textile Fabrics ; with 
Practical Receipts and Scientific Information. By Charles 
O'Neill, Analytical Chemist, Fellow of the Chemical Society 
of London, etc. etc. Author of " Chemistry of Calico Print- 
ing and Dyeing." 8vo. (In press.) 

QVERMAN— OSBORN.— THE MANUFACTURE OF IRON IN ALL 
V ITS BRANCHES: 

Including a Practical Description of the various Fuels and 
their Values, the Nature, Determination and Preparation of 
the Ore, the Erection and Management of Blast and other Fur- 
naces,, the characteristic results of Working by Charcoal, 
Coke, or Anthracite, the Conversion of the Crude into the va- 
rious kinds of Wrought Iron, and the Methods adapted to this 
end. Also, a Description of Forge Hammers, Rolling Mills, 
Blast Engines, &c. &c. To which is added an Essay on the 
Manufacture of Steel. By Frederick Overman, Mining En- 
gineer. The whole thoroughly revised and enlarged, adapted 
to the latest Improvements and Discoveries, and the particular 
type of American Methods of Manufacture. With various 
new engravings illustrating the whole subject. By H. S. Os- 
born, LL. D. Professor of Mining and Metallurgy in Lafay- 
ette College. In one volume, 8vo. (In press.) . $10 00 

pAINTER, GILDER, AND VARNISHER'S COMPANION : 

Containing Rules and Regulations in everything relating to 
the Arts of Painting, Gilding, Varnishing, and Glass Staining, 
with numerous useful and valuable Receipts ; Tests for the 
Detection of Adulterations in Oils and Colors, and a statement 
of the Diseases and Accidents to which Painters, Gilders, and 
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Varnishers are particularly liable, with the simplest methods 
of Prevention and Remedy. With Directions for Graining. 
Marbling, Sign Writing, and Gilding on Glass. To which are 
added Complete Instructions for Coach Painting and Var- 
nishing. 12mo., cloth . . ... $1 50 

piLLETT.— THE MILLER'S, MILLWRIGHT'S, AND ENGI- 

* NEER'S GUIDE. 

By Henry Pallett. Illustrated. In one vol. 12mo. $3 00 

pERKINS.— GAS AND VENTILATION. 

Practical Treatise on Gas and Ventilation. With Special Re- 
lation to Illuminating, Heating, and Cooking by Gas. Includ- 
ing Scientific Helps to Engineer-students and others. With 
illustrated Diagrams. By E. E. Perkins. I2mo., cloth $125 

pEREINS AND BTOWE.— A NEW GUIDE TO THE SHEET- 
r IRON AND BOILER PLATE ROLLER : 

Containing a Series of Tables showing the Weight of Slabs and 
Piles to Produce Boiler Plates, and of the Weight of Piles and 
the Sizes of Bars to produce Sheet-iron ; the Thickness of the 
Bar Gauge in Decimals ; the Weight per foot, and the Thick- 
ness on the Bar or Wire Gauge of the fractional parts of an 
inch ; the Weight per sheet, and the Thickness on the Wire 
Gauge of Sheet-iron of various dimensions to weigh 112 lbs. 
per bundle ; and the conversion of Short Weight into Long 
Weight, and Long Weight into Short. Estimated and collected 
by G. H. Perkins and J. G. Stowe . . . . $2 50 

PHILLIPS AND DARLINGTON.— RECORDS OF MINING AND 

r METALLURGY: 

Or Facts and Memoranda for the use of the Mine Agent and 
Smelter. By J. Arthur Phillips, Mining Engineer, Graduate 
of the Imperial School of Mines, France, etc., and John Dar- 
lington. Illustrated by numerous engravings. In one vol- 
ume, 12mo $2 00 

pRADAL, MALEPEYRE, AND DUSSAUCE. — A COMPLETE 
r TREATI8E ON PERFUMERY : 

Containing notices of the Raw Material used in the Art, and the 
Best Formula. According to the most approved Methods fol- 
lowed in France, England, and the United States. By M. 
P. Pradal, Perfumer Chemist, and M. F. Malepeyre. Trans- 
lated from the French, with extensive additions, by Professor 
H. Dijssauce. 8vo $10 00 
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pROTEAUX.— PRACTICAL GUIDE 70S THE MANUFACTURE 

X OF PAPER AND BOARDS. 

By A. Protbaux, Civil Engineer, and Graduate of the School 
of Arts and Manufactures, Director of Thiers's Paper Mill, 
'Puy-de-D6m6. With additions, by L. S. Lb Normand. 
Translated from the French, with Notes, by Horatio Paine, 
A. B., M. D. To which is added a Chapter on the Manufac- 
ture of Paper from Wood in the United States, by Henry T. 
Brown, of the " American Artisan." Illustrated by six plates, 
containing Drawings of Raw Materials, Machinery, Plans of 
Paper-Mills, etc. etc. 8vo $5 00 

PEGNATTLT.— ELEMEHTS OF CHEMISTRY. 

By M. V. Regnault. Translated from the French by T. 
Forrb8t Betton, M. D., and edited, with notes, by Jambs C. 
Booth, Melter and Refiner U. S. Mint, and Wm. L. Faber, 
Metallurgist and Mining Engineer. Illustrated by nearly 700 
• wood engravings. Comprising nearly 1500 pages. In two 
volumes, 8vo., cloth $10 00 

OELLERS.— THE COLOR MIXER : 

Containing nearly Four Hundred Receipts for Colors, Pastes, 
Acids, Pulps, Blue Yats, Liquors, etc. etc., for Cotton and 
Woollen Goods: including the celebrated Barrow Delaine Co- 
lors. By John Sellers, an experienced Practical Workman. 
In one volume, 12mo. . . . . $2 60 

OHUNK— A PRACTICAL TREATISE OH RAILWAY CURVES 

10 .AND LOCATION, FOR YOUNG ENGINEERS. 

By Wm. F. Shunk, Civil Engineer. 12mo. . . $1 50 

OMEATON.— BUILDER'S POCKET COMPANION: 

Containing the Elements of Building, Surveying, and Archi- 
tecture ; with Practical Rules and Instructions connected with 
the subject. By A. C. Smeaton, Civil Engineer, etc. In 
one volume, 12mo $1 25 

OMITH— THE DYER'S INSTRUCTOR: 

Comprising Practical Instructions in the Art of Dyeing Silk, 
Cotton, Wool, and Worsted, and Woollen Goods: containing 
nearly 800 Receipts. To which is added a Treatise on the Art 
of Padding; and the Printing of Silk Warps, Skeins, and 
Handkerchiefs, and the various Mordants and Colors for the 
different styles of such work. By David Smith, Pattern 
Dyer. 12mo., cloth $3 00 
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gMITH.— PARKS AND PLEASURE GROUNDS : 

Or Practical Notes on Country Residences, Villas, Public 
Parks, and Gardens. By Charles H. J. Smith, Landscape 
Gardener and Garden Architect, etc. etc. 12mo. . $2 25 

OTOXis.— CABINET-MAKER'S AND UPHOLSTERER'S COMPA- 

° NION: 

Comprising the Rudiments and Principles of Cabinet-making 
and Upholstery, with Familiar Instructions, Illustrated by Ex- 
amples for attaining a Proficiency in the Art of Drawing, as 
applicable to Cabinet-work ; The Processes of Veneering, In- 
laying, and Buhl-work ; the Art of Dyeing and Staining Wood, 
Bone, Tortoise Shell, etc. Directions for Lackering, Japan- 
ning, and Varnishing; to make French Polish; to prepare the 
Best Glues, Cements, and Compositions, and a number of Re- 
ceipts particularly for workmen generally. By J. Stokes. In 
one vol. 12mo. With illustrations . I . . $1 26 

OTRENGTH AND OTHER PROPERTIES OF METALS. 

Reports of Experiments on the Strength and other Proper- 
ties of Metals for Cannon. With a Description of the Machines 
for Testing Metals, and of the Classification of Cannon in ser- 
vice. By Officers of the Ordnance Department U. S. Army 
By authority of the Secretary of War. Illustrated by 25 large 
steel plates. In 1 vol. quarto $10 00 

rpABLES SHOWING THE WEIGHT OF ROUND, SQUARE, AND 
X FLAT BAR IKON, STEEL, ETC., 

By Measurement. Cloth 63 

rpAYLOR.— STATISTICS OF COAL: 

Including Mineral Bituminous Substances employed in Arts 
and Manufactures; with their Geographical, Geological, and 
Commercial Distribution and amount of Production and Con- 
sumption on the American Continent. With Incidental Sta- 
tistics of the Iron Manufacture. By R. C. Tatlok. Second 
edition, revised by S. S. Haldeman. Illustrated by five Maps 
and many wood engravings. 8vo., cloth . . . $6 00 

rriEMPLETON.— THE PRACTICAL EXAMINATOR ON STEAM 



With Instructive References relative thereto, for the Use of 
Engineers, Students, and others. By Wm. Templbton, Engi- 
neer. 12mo $1 25 
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rPHOMAS,— THE MODERN PRACTICE OF PHOTOGRAPHY. 
"*" By R. W. Thomas, F. C. S. 8vo., cloth ... 75 

riT30MSON — FREIGHT CHARGES CALCULATOR. 

By Andrew Thomson, Freight Agent . . . $1 25 

rpURNBULL.— THE ELECTRO-MAGNETIC TELEGRAPH: 

With an Historical Account of its Rise, Progress, and Present 
Condition. Also, Practical Suggestions in regard to Insula- 
tion and Protection from the effects of Lightning. Together 
with an Appendix, containing several important Telegraphic 
Devices and Laws. By La whence Tnrnbull, M. D., Lectu- 
rer on Technical Chemistry at the Franklin Institute. Revised 
and improved. Illustrated. 8vo. . . . $3 00 

NER'S (THE) COMPANION: 

Containing Instructions in Concentric, Elliptic, and Eccentric 
Turning; also various Plates of Chucks, Tools, and Instru- 
ments ; and Directions for using the Eccentric Cutter, Drill, 
Vertical Cutter, and Circular Rest ; with Patterns and Instruc- 
tions for working them. A new edition in one vol. 12mo. 

$1 50 

LRICH— DUSSAUCE.— A COMPLETE TREATISE ON THE ART 
OF DYEING COTTON AND WOOL: 

As practised in Paris, Rouen, Mulhausen, and Germany. 
From the French of M. Louis Ulbich, a Practical Dyer in 
the principal Manufactories of Paris, Rouen, Mulhausen, etc. 
etc. ; to which are added the most important Receipts for Dye- 
ing Wool, as practised in the Manufacture Impenale des Go- 
belins, Paris. By Professor H. Dussauce. 12 mo. $3 00 

TTRBIN— BRULL.— A PRACTICAL GUIDE FOR PUDDLING 

U IRON AND STEEL. 

By Ed. Ubbin, Engineer of Arts and Manufactures. A Prize 
Essay read before the Association of Engineers, Graduate of 
the School of Mines, of Liege, Belgium, at the Meeting of 
1865 — 6. To which is added a Comparison of the Resisting 
Properties of Iron and Steel. By A. Brull. Translated 
from the French by A. A. Fesquet, Chemist and Engineer. In 
one volume,- 8vo $1 00 

ATSON— A MANUAL OF THE HAND-LATHE. 
By Egbert P. Watson, Late of the " Scientific American," 
Author of "Modern Practice of American Machinists and 
Engineers." In one volume, 12mo. (In press.) 
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WATSON.— THE MODERN PRACTICE OF AMERICAN MA- 
VV CHINISTS AND ENGINEERS : 

Including the Construction, Application, and Use of Drills, 
Lathe Tools, Cutters for Boring Cylinders, and Hollo|r Work 
Generally, with the most Economical Speed of the same, the 
Results verified by Actual Practice at the Lathe, the Vice, and 
on the Floor. Together with Workshop management, Economy 
of Manufacture, the Steam- Engine, Boilers, Gears, Belting, etc. 
etc. By Egbert P. Watson, late of the " Scientific American." 
Illustrated by eighty-six engravings. 12mo. . . $2 50 

WATSON.— THE THEORY AND PRACTICE OF THE ART OF 

VV WEAVING BY HAND AND POWER: 

With Calculations and Tables for the use of those connected 
with the Trade. By John Watson, Manufacturer and Prac- 
tical Machine Maker. Illustrated by large drawings of the 
best Power-Looms. 8yo. $7 50 

WBATHERLY.— TREATISE ON THE ART OF BOILING SU- 
VV GAR, CRYSTALLIZING, LOZENGE-MAKING, COMFITS, 
GUM GOODS, 

And other processes for Confectionery, &o. In which are ex- 
plained, in an easy and familiar manner, the various Methods 
of Manufacturing every description of Raw and Refined sugar 
Goods, as sold by Confectioners and others . . $2 00 

WILL.— TABLES FOR QUALITATIVE CHEMICAL ANALYSIS. 
By Prof. Heinrich Will, of Giessen, Germany. Seventh edi- 
tion. Translated by Charles F. Himes, Ph. D., Professor of 
Natural Science, Dickinson College, Carlisle, Pa. . $1 25 

WILLIAMS.— ON HEAT AND STEAM : 

Embracing New Views of Vaporization, Condensation, and 
Expansion. By Charles Wye Williams, A. I. C. E. Illus- 
trated. 8vo. . $3 60 
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